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(54) Title: NOVEL CHIMPANZEE ERYTHROPOIETIN (CHEPO) POLYPEPTIDES AND NUCLEIC ACIDS ENCODING THE SAME 

human MGV1IECP AWLWLLLSliSLPLGLP VLG AP PRL I CDS RVLER YLLEAKEAE 
************************************************** 
chepo MGVHECPAWLWLLLSIiLSLPLGI*PVW3APPRIj I CDSRVLERYLLEAKEAE 

human NITTGGAEHCSLNENITVPDTKVTJF^ 

Chepo NI TTGCAEHCSLNEN ITWDTKVNFYAWKRMEVRQQAVEVWQGLALLS EA 

human VXRGQALLVNSSQPWEPLQLHVT5KAVSGLRSLTTLLRALK3AQKEAISPPD 



chepo VLRGQAI^VT*SSQPWEPLQI*HTO^ 



human AASAAPLRTITADTFRKLFRVYSNFLRGKLKLYTGEACRTGDR 



chepo AASAAPLRTITADTFRKLFRVYSNFLRGKLKLYTGEACRTGDR 

(57) Abstract 

The present invention is directed to novel chimpanzee erythropoietin polypeptides and to nucleic acid molecules encoding those 
polypeptides. Also provided herein are vectors and host cells comprising those nucleic acid sequences, chimeric polypeptide molecules 
comprising the polypeptides of the present invention fused to heterologous polypeptide sequences, antibodies which bind to the polypeptides 
of the present invention and to methods for producing the polypeptides of the present invention. 
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WO 00/68376 

NOVEL CHIMPANZEE ERYTHROPOIETIN (CHEPO) POLYPEPTIDES AND NUCLEIC ACIDS ENCODING THE 

SAME 



FIELD OF THE INVENTION 

5 The present invention relates generally to the identification and isolation of novel chimpanzee erythropoietin 

polypeptides, nucleic acid molecules encoding those polypeptides and to the recombinant production of those polypeptides. 

BACKGROUND OF THE INVENTION 
Erythropoiesis, the production of red blood cells, occurs continuously throughout the human life span to offset 
1 0 cell destruction. Erythropoiesis is a very precisely controlled physiological mechanism enabGng sufficient numbers of red 
blood cells to be available in the blood for proper tissue oxygenation, but not so many that the cells would impede 
circulation The formation of red blood cells occurs in the bone marrow and is under control of the hormone, erythropoietin. 

Erythropoietin, an acidic glycoprotein is approximately 34,000 dalton molecular weight, may occur in three forms: 
alpha, beta and asialo. The alpha and beta forms different sOghtly in carbohydrate components have the same potency, 
15 biological activity and molecular weight. The asialo form is an alpha or beta form with the terminal carbohydrate (sialic 
acid) removed. Erythropoietin is present in a very low concentrations in plasma when the body is in a healthy state wherein 
tissues receive sufficient oxygenation from the existing number of erythrocytes. This normal low concentration is enough 
to stimulate replacement of red blood cells which are lost normally through aging. 

The amount of erythropoietin in the circulation is increased under conditions of hypoxia when oxygen transport 
20 by blood cefls in the circulation is reduce! Hypoxia may be caused by toss of large amounts of blood through hemorrhage, 
destruction of red blood cells by over-exposure to radiation, reduction in oxygen intake due to high altitudes or prolonged 
unconsciousness, or various forms of anemia. In response to tissues undergoing hypoxic stress, erytiironoietin wiD increase 
red blood cefl production by stimulating the conversion of primitive precursor cells in the bone marrow into proerythroblasts 
which subsequently mature, synthesize hemoglobin and are released into the circulation as red blood cells. When the 
25 number of red blood cells in circulation is greater than needed for normal tissue oxygen requirements, erythropoietin in 
circulation is decreased. 

Because erythropoietin is essential in the process of red blood cell formation, the hormone has potential useful 

application in both the diagnosis and treatment of blood disorders characterized by low or defective red blood cefl 

production. See, generally, Pennathur-Das, et aL, Bipod 63(5J:1 168-71 (1984) and toddy, ArrUour. Ped. HematoL OncoL, 

3 0 4:1 91 1 96 (1982) relating to erythropoietin in possible therapies for sickle cefl disease, end Eschbach et aL, J. Clm. Invest 

74(2^434441 (1984), describing a therapeutic regimen for uremic sheep based on in mo response to erythropoietirwich 

plasma infusions and proposing a dosage of 10 U EOP/kg per day for 15-40 days as corrective of anemia of the type 

associated with chronic renal failure. See also, Krane, Henrv Ford Hoso. Med. J., 31(3):17M81 (19831 

We describe heron the identification and characterization of a novel erythropoietin polypeptide derived from the 
» 

3 5 chimpanzee, designated herein as CHEPO . 
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SUMMARY OF THE INVENTION 
A cONA done has been identified that has homology to nucleic acid encoding human erythropoietin that encodes 
a novel chimpanzee erythropoietin polypeptide, designated in the present application as "CHEPO". 

In one embodiment the invention provides an isolated nucleic acid molecule comprising a nucleotide sequence 
5 that encodes a CHEPO polypeptide. 

In one aspect the isolated nucleic acid molecule comprises a nucleotide sequence having at least about 80% 
nucleic acid sequence identity, alternatively at least about 81 % nucleic acid sequence identity, alternatively at least about 
82% nucleic acid sequence identity, alternatively at least about 83% nucleic add sequence identity, alternatively at least 
about 84% nucleic acid sequence identity, alternatively at least about 85% nucleic acid sequence identity, alternatively 
10 at least about 86% nucleic acid sequence identity, alternatively at least about 87% nucleic acid sequence identity, 
alternatively at least about 88% nucleic acid sequence identity, alternatively at least about 89% nucleic acid sequence 
identity, alternatively at least about 90% nucleic acid sequence identity, alternatively at least about 91% nucleic acid 
sequence identity, alternatively at least about 92% nucleic acid sequence identity, alternatively at least about 93% nucleic 
acid sequence identity, alternatively at least about 94% nucleic acid sequence identity, alternatively at least about 95% 
1 5 nucleic acid sequence identity, alternatively at least about 96% nucleic acid sequence identity, alternatively at least about 
97% nucleic acid sequence identity, alternatively at least about 98% nucleic acid sequence identity and alternatively at 
least about 99% nucleic acid sequence identity to (a) a DNA molecule encoding a CHEPO polypeptide having the sequence 
of amino acid residues from about 1 or about 28 to about 193, inclusive, of Figure 3 (SEQ ID N0S:2 and 5), or (b) the 
complement of the DNA molecule of (a). 
20 In another aspect the isolated nucleic add molecule comprises (a) a nucleotide sequence encoding a CHEPO 

polypeptide having the sequence of amino add residues from about 1 or about 28 to about 193, inclusive, of Figure 3 (SEQ 
ID N0S:2 and 5), or (b) the complement of the nucleotide sequence of (a). 

In other aspects, the isolated nucleic add molecule comprises a nudeotide sequence having at least about 80% 
nucleic acid sequence identity, alternatively at least about 81% nucleic add sequence identity, alternatively at least about 

2 5 82% nudeic add sequence identity, alternatively at least about 83% nucleic add sequence identity, alternatively at least 

about 84% nuclric add sequence identity, alternatively at least about 85% nudeic acid sequence identity, alternatively 
at least about 86% nuddc add sequence identity, alternatively at least about 87% nuddc add sequence identity, 
alternatively at least about 88% nudeic acid sequence identity, alternatively at least about 89% nudeic add sequence 
identity, alternatively at least about 90% nudeic add sequence identity, alternatively at least about 91% nudeic add 

3 0 sequence identity, alternatively at least about 92% nudeic acid sequence identity, alternatively at least about 93% nudeic 

add sequence identity, alternatively at least about 94% nudeic add sequence identity, alternatively at least about 95% 
nuddc acid sequence identity, alternatively at least about 96% nudeic acid sequence identity, alternatively at bast about 
97% nudeic add sequence identity, alternatively at least about 98% nucleic acid sequence identity and alternatively at 
least about 99% nudeic add sequence identity to (a) a DNA molecule having the sequence of nucleotides from about 1 or 
3 5 about 82 to about 579, indusive, of Figure 2 (SEQ 10 N0:3), or (b) the complement of the DNA molecule of (a). 
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In another aspect the isolated nucleic acid molecule comprises (a) the nucleotide sequence of from about 1 or 
about 82 to about 579, inclusive, of Figure 2 (SEQ ID N0:3), or (b) the complement of the nucleotide sequence of (a). 

In another aspect, the invention concerns an isolated nucleic add molecule which encodes an active CHEPO 
polypeptide as defined below comprising a nucleotide sequence that hybridizes to the complement of a nucleic acid 
sequence that encodes amino acids 1 or about 28 to about 193, inclusive, of Rgure 3 (SEQ 10 N0S:2 and 51 Preferably, 
hybridization occurs under stringent hybridization and wash conditions. 

In yet another aspect the invention concerns an isolated nucleic add molecule which encodes an active CHEPO 
polypeptide as defined below comprising a nucleotide sequence that hybridizes to the complement of the nucleic add 
sequence between about nucleotides 1 or about 82 and about 579, indusive, of Rgure 2 (SEQ ID N0:3). Preferably, 
hybridization occurs under stringent hybridization and wash conditions. 

In a further aspect the invention concerns an isolated nudeic add molecule which is produced by hybridizing a 
test DMA molecule under stringent conditions with (a) a DNA molecule encoring a CHEPO polypeptide having the sequence 
of amino add residues from about 1 or about 28 to about 193, inclusive, of Figure 3 (SEQ ID N0S:2 and 5), or (b) the 
complement of the DNA molecule of (a), and, if the test DNA molecule has at least about an 80% nudeic add sequence 
identity, alternatively at least about 81% nucleic acid sequence identity, alternatively at least about 82% nucleic add 
sequence identity, alternatively at least about 83% nudeic add sequence identity, alternatively at least about 84% nucleic 
add sequence identity, alternatively at least about 85% nucleic add sequence identity, alternatively at least about 86% 
nudeic acid sequence identity, alternatively at least about 87% nudeic acid sequence identity, alternatively at least about 
88% nudeic add sequence identity, alternatively at least about 89% nudeic acid sapience identity, alternatively at least 
about 90% nudeic acid sequence identity, alternatively at least about 91% nudeic add sequence identity, alternatively 
at least about 92% nudeic add sequence identity, alternatively at least about 93% nudeic add sequence identity, 
alternatively at least about 94% nudeic acid sequence identity, alternatively at least about 95% nucleic acid sequence 
identity, alternatively at least about 96% nucleic add sequence identity, alternatively at least about 97% nucleic add 
sequence identity, alternatively at least about 98% nucleic add sequence identity and alternatively at least about 99% 
nudeic add sequence identity to (a) or (b), and isolating the test DNA molecule. 

In another aspect the invention concerns an isolated nudeic acid molecule comprising (a) a nucleotide sequence 
encoding a polypeptide scoring at least about 80% positives, alternatively at least about 81% positives, alternatively at 
least about 82% positives, alternatively at bast about 83% positives, alternatively at least about 84% positives, 
alternatively at least about 85% positives, alternatively at least about 86% positives, alternatively at least about 87% 
positives, alternatively at least about 88% positives, alternatively at least about 89% positives, alternatively at bast about 
90% positives, alternatively at least about 91% positives, alternatively at bast about 92% positives, alternatively at least 
about 93% positives, alternatively at bast about 94% positives, alternatively at bast about 95% positives, alternatively 
at bast about 96% positives, alternatively at least about 97% positives, alternatively at least about 98% positives and 
alternatively at bast about 99% positives when compared with the amino acid sequence of residues about 1 or about 28 
to 193, indusive, of Rgure 3 (SEQ ID N0S2 and 5), or (b) the complement of the nucleotide sequence of (a). 
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In a specific aspect the invention provides an isolated nucleic acid molecule comprising ONA encoding a CHEPO 
polypeptide without the N- terminal signal sequence and/or the initiating methionine, or is complementary to such encoding 
nucleic acid molecule* The signal peptide has been tentatively identified as extending from about amino acid position 1 
to about amino acid position 27 in the sequence of Figure 3 (SEQ ID N0S:2 and 51. It is noted, however, that the C-terminal 
boundary of the signal peptide may vary r but most likely by no more than about 5 amino acids on either side of the signal 
peptide C-terminal boundary as initially identified herein, wherein the C-terminal boundary of the signal peptide may be 
identified pursuant to criteria routinely employed in the art for identifying that type of amino acid sequence element (e,g, 
Nielsen et aL, ProtEno. 10:1-6 (1997) and von Hemje et aL. Nud. Acids. Res. 14:46834690 (1986)). Moreover, it is also 
recognized that, in some cases, cleavage of a signal sequence from 8 secreted polypeptide ts not entirely uniform, resulting 
in more than one secreted species. These polypeptides, and the polynucleotides encoding them, are contemplated by the 
present invention. As such, for purposes of the present application, the signal peptide of the CHEPO polypeptide shown 
in Figure 3 (SEO ID N0S:2 and 5) extends from amino acids 1 to X of Figure 3 (SEQ ID N0S:2 and 5), wherein X is any 
amino acid from 23 to 32 of Figure 3 (SEQ ID N0S:2 and 5). Therefore, mature forms of the CHEPO polypeptide which 
are encompassed by the present invention include those comprising ammo acids X to 193 of Figure 3 (SEQ ID NOS:2 and 
5), wherein X is any amino acid from 23 to 32 of Figure 3 (SEQ ID N0S:2 and 5) and variants thereof as described below. 
Isolated nucleic acid molecules encoding these polypeptides are also contemplate! 

Another embodiment is directed to fragments of a CHEPO polypeptide coding sequence that may find use as, for 
example, hybridization probes or for encoding fragments of a CHEPO polypeptide that may optionally encode a polypeptide 
comprising a binding site for an anthCHEPO antibody. Such nudeic acid fragments are usually at least about 20 
nucleotides in length, alternatively at least about 30 nucleotides in length, alternatively at least about 40 nucleotides in 
length, alternatively at least about SO nucleotides in length, alternatively at least about 60 nucleotides hi length, 
alternatively at least about 70 nucleotides in length, alternatively at least about 80 nudeotides in length, alternatively at 
least about 90 nudeotides in length, alternatively at least about 1 00 nucleotides in length, alternatively at least about 1 10 
nudeotides in length, alternatively at least about 120 nudeotides in length, alternatively at least about 130 nucleotides 
in length, alternatively at least about 140 nucleotides in length, alternatively at least about 150 nudeotides in length, 
alternatively at least about 160 nucleotides in length, alternatively at least about 170 nucleotides m length, alternatively 
at least about 180 nudeotides in length, alternatively at least about 190 nucleotides in length, alternatively at least about 
200 nudeotides in length, alternatively at least about 250 nudeotides in length, alternatively at least about 300 
nucleotides in length, alternatively at least about 350 nucleotides in length, alternatively at least about 400 nudeotides 
in length, alternatively at least about 450 nudeotides in length, alternatively at least about 500 nudeotides in length, 
alternatively et least about 600 nucleotides in length, alternatively at least about 700 nudeotides in length, alternatively 
at least about 800 nudeotides in length, alternatively at least about 900 nucleotides m length and alternatively at least 
about 1000 nucleotides in length, wherein in this context the term about means the referenced nudeotide sequence length 
plus or minus 1 0% of that referenced length. In a preferred embodiment the nucleotide sequence fragment is derived from 
any coding region of the nudeotide sequence shown in Figure 1 (SEQ ID N0:U It is noted that novel fragments of a 
CHEPO polypeptide-encoolng. nudeotide sequence may be determined in a routine manner by aligning the CHEPO 
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poiypeptid e-encooirtg nucleotide sequence with other known nucleotide sequences using any of a number of well known 
sequence alignment programs and determining which CHEPO polypeptide-encoding nucleotide sequence fragment!*) are 
novel All of such CHEPO polypeptide^coding nucleotide sequences are contemplated herein and can be determined 
without undue experimentation. Also contemplated are the CHEPO polypeptide fragments encoded by these nucleotide 
5 molecule fragments, preferably those CHEPO polypeptide fragments that comprise a binding site for an anti-CHEPO 
antibody. 

In another embodiment the invention provides a vector comprising a nucleotide sequence encoding CHEPO or its 
variants. The vector may comprise any of the isolated nucleic acid molecules hereinabove identified. 

A host cell comprising such a vector is also provide! By way of example, the host cells may be CHO cells, £ 
1 0 col or yeast A process for producing CHEPO polypeptides is further provided and comprises culturing host cells under 
conditions suitable for expression of CHEPO and recovering CHEPO from the cell culture. 

In another embodiment the invention provides isolated CHEPO polypeptide encoded by any of the isolated nucleic 
acid sequences hereinabove identified. 

In a specific aspect the invention provides isolated native sequence CHEPO polypeptide, which in certain 
15 embodiments, includes an amino acid sequence comprising residues from about 1 or about 28 to about 193 of Figure 3 
(SEQ ID N0S:2 and 5). 

In another aspect the invention concerns an isolated CHEPO polypeptide, comprising an amino acid sequence 
having at least about 80% amino acid sequence identity, alternatively at least about 81% amino acid sequence identity, 
alternatively at feast about 82% amino add sequence identity, aftematively at least about 83% amino acid sequence 

20 identity, alternatively at least about 84% amino acid sequence identity, alternatively at least about 85% amino acid 
sequence identity, alternatively at least about 86% amino acid sequence identity, alternatively at least about 87% amino 
add sequence identity, alternatively at least about 88% amino acid sequence identity, alternatively at least about 89% 
amino acid sequence identity, alternatively at least about 90% amino add sequence identity, alternatively at least about 
91% amino add sequence identity, alternatively at least about 92% amino acid sequence identity, alternatively at least 

25 about 93% amino acid sequence identity, alternatively at feast about 94% amino add sequence identity, alternatively at 
feast about 95% amino add sequence identity, artematively at least about 96% amino add sequence Identity, alternatively 
at least about 97% amino add sequence identity, alternatively at feast about 98% amino acid sequence identity and 
artematively at least about 99% amino add sequence identity to the sequence of amino acid residues from about 1 or about 
28 to about 193, inclusive, of Figure 3 (SEQ ID N0S:2 and 5). 

30 In a further aspect the invention concerns an isolated CHEPO polypeptide comprising an amino add sequence 

scoring at feast about 80% positives, alternatively at least about 81 % positives, alternatively at bast about 82% positives, 
alternatively at feast about 83% positives, alternatively at least about 84% positives, alternatively, at least about 85% 
positives, alternatively at least about 86% positives, alternatively at bast about 87% positives, artematively at least about 
88% positives, artematively at bast about 89% positives, artematively at bast about 90% positives, alternatively at bast 

3 5 about 91% positives, ertemativery at bast about 92% positives, artematively at bast about 93% positives, artematively 
at least about 94% positives, alternatively at feast about 95% positives, alternatively at least about 96% positives, 

5 
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alternatively at least about 97% positives, alternatively at least about 98% positives and alternatively at least about 99% 
positives when compared with the amino acid sequence of residues from about 1 or about 28 to about 193, inclusive, of 
Rgure 3 (SEQ ID N0S:2 and 5). 

In a specific aspect the invention provides an isolated CHEPO polypeptide without the N-terminal signal sequence 
5 and/or the initiating methionine and is encoded by a nucleotide sequence that encodes such an amino acid sequence as 
hereinbefore described. Processes for producing the same are also herein described, wherein those processes comprise 
cidturing a host cell comprising a vector which comprises the appropriate encoding nucleic acid molecule under conditions 
suitable for expression of the CHEPO polypeptide and recovering the CHEPO polypeptide from the cell culture. 

In yet another aspect the invention concerns an isolated CHEPO polypeptide, comprising the sequence of amino 

10 acid residues from about 1 or about 26 to about 193, inclusive, of Figure 3 (SEQ ID N0S:2 and 5), or a fragment thereof 
which is biologically active or sufficient to provide a binding site for an anti-CHEPO antibody, wherein the identification 
of CHEPO polypeptide fragments that possess biological activity or provide a binding site for an anti-CHEPO antibody may 
be accomplished in a routine manner using techniques which are wed known in the art Preferably, the CHEPO fragment 
retains a qualitative biological activity of a native CHEPO polypeptide. 

15 In a still further aspect, the invention provides a polypeptide produced by (i) hybridizing a test DNA molecule 

under stringent conditions with (a) a DNA molecule encoding a CHEPO polypeptide having the sequence of amino acid 
residues from about 1 or about 28 to about 193, inclusive, of Figure 3 (SEQ ID N0S:2 and 5), or (b) the complement of the 
DNA molecule of (a), and if the test ONA molecule has at least about an 80% nucleic acid sequence identity, alternatively 
at least about 81% nucleic acid sequence identity, alternatively at least about 82% nucleic acid sequence identity, 

20 alternatively at least about 83% nucleic acid sequence identity, alternatively at least about 84% nucleic acid sequence 
identity, alternatively at bast about 85% nucleic acid sequence identity, alternatively at least about 86% nucleic acid 
sequence identity, alternatively at least about 87% nucleic acid sequence identity, alternatively at least about 88% nudeic 
acid sequence identity, alternatively at least about 89% nucleic acid sequence identity, alternatively at least about 90% 
nucleic acid sequence identity, alternatively at least about 91 % nucleic acid sequence identity, alternatively at least about 

2 5 92% nudeic acid sequence identity, alternatively at least about 93% nucleic acid sequence identity, alternatively at least 
about 94% nucleic add sequence identity, alternatively at least about 95% nucleic add sequence identity, alternatively 
at least about 96% nucleic acid sequence identity, alternatively at least about 97% nudeic add sequence identity, 
alternatively at least about 98% nudeic acid sequence identity and alternatively at least about 99% nucleic add sequence 
identity to (a) or (bk (u) cutturing a host ceQ comprising the test ONA molecule under conditions suitable for expression of 

30 the polypeptide, and (in) recovering the polypeptide from the cefl culture. 

In another embodiment the invention provides chimeric molecules comprising a CHEPO polypeptide fused to a 
heterologous polypeptide or amino acid sequence, wherein the CHEPO polypeptide may comprise any CHEPO polypeptide, 
variant or fragment thereof as hereinbefore described. An example of such a chimeric molecule comprises a CHEPO 
polypeptide fused to an epitope tag sequence or a Fc region of an immunoglobulin. 
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In another embodiment the invention provides an antibody as defined below which specifically binds to a CHEPO 
polypeptide as hereinbefore describe! Optionally, the antibody is a monoclonal antibody, an antibody fragment or a single 
chain antibody. 

In yet another embodiment the invention concerns agonists and antagonists of a native CHEPO polypeptide as 
5 defined below. In a particular embodiment the agonist or antagonist is an anti-CHEPO antibody or a small molecule. 

In a further embodiment the invention concerns a method of identifying agonists or antagonists to a CHEPO 
polypeptide which comprise contacting the CHEPO polypeptide with a candidate molecule and monitoring a biological 
activity mediated by said CHEPO polypeptide. Preferably, the CHEPO polypeptide is a native CHEPO polypeptide. 

In a stQI further embodiment the invention concerns a composition of matter comprising a CHEPO polypeptide, 
10 or an agonist or antagonist of a CHEPO polypeptide as herein described, or an anti-CHEPO antibody, in combination with 
a carrier. Optionally, the carrier is a pharmaceutical^ acceptable carrier. 

Another embodiment of the present invention is directed to the use of a CHEPO polypeptide, or an agonist or 
antagonist thereof as herein described, or an anti-CHEPO antibody, for the preparation of a medicament useful in the 
treatment of a condition which is responsive to the CHEPO polypeptide, an agonist or antagonist thereof or an anti-CHEPO 
15 antibody. 

Yet another embodiment of the present invention is directed to CHEPO polypeptides having altered gh/cosylation 
patterns in one or more regions of the polypeptide as compared to the native sequence CHEPO polypeptide, preferably in 
the region surrounding and/or including amino acid position 84 in the CHEPO amino acids sequence shown in Figure 3 (SEQ 
ID N0S:2 and 5). In various embodiments, CHEPO variant polypeptides are prepared using well known techniques so as 

20 to create an N- or O-finked glycosylation site at or near amino acid position 84 in the CHEPO polypeptide sequence. For 
example, CHEPO polypeptides contemplated by the present invention include those where (a) amino acids 81-84 of the 
CHEPO amino acid sequence shown in Figure 3 (SEQ ID N0&2 and 5) (Le., Met-Glu-Yal-Arg; SEQ ID N0:6) are replaced by 
the amino acid sequence Asn-X-Ser-X (SEQ ID N0:7) or Asn-XThr-X (SEQ ID N0:8), where X is any amino acid except for 
Pro; (b) amino acids 82*85 of the CHEPO amino acid sequence shown in Figure 3 (SEQ ID N0S:2 and 5) (Le„ Glu-Val-Arg- 

25 Gin; SEQ ID N0:9) are replaced by the amino add sequence Asn-X-Ser-X (SEQ ID N0:7) or Asn-X Thr-X (SEQ ID N0:8), 
where X is any amino acid except for Pro; (c) amino acids 83-86 of the CHEPO amino acid sequence shown in Figure 3 (SEQ 
(D N0S2 and 5) VaLArg-GhvGIn; SEQ ID N0:10) are replaced by the amino acid sequence Asn-X-Ser-X (SEQ ID HOJ) 
or Asn-X Thr-X (SEQ ID N0:8), where X is any amino add except for Pro; or (d) amino adds 84-87 of the CHEPO amino 
acid sequence shown in Figure 3 (SEQ ID N0S2 and 5) (L&, Arg-Gln-Gln-Ala; SEQ (D N0:11) are replaced by the amino add 

3 0 sequence Asn-X-Ser-X (SEQ ID NQ:7) or Asn-X-Thr-X (SEQ ID N0:8), where X is any amino acid except for Pro, thereby 
creating an N-glycosylation site at those positions. Nucleic adds encoding these variant polypeptides are also 
contemplated herein as are vectors and host cells comprising those nudeic adds. 

BRIEF DESCRIPTION OF THE DRAWINGS 
35 Figures 1A-C show a nucleotide sequence (SEQ ID N0:1) of an isolated genomic DNA molecule containing a 

nucleotide sequence (nucleotides 134-146, 667-812, 1071-1157, 1760-1939 and 2074-2226, exdushre of others) 

7 
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encoding native sequence CHEPO. Also presented m the genomic sequence are the locations of the start codon, exons and 
introns as well as the amino acid sequence (SEQ ID N02) encoded by the coding sequence of SEQ ID NO: 1 . 

Figure 2 shows the cDNA sequence of the CHEPO molecule (SEQ ID N0:3) and the amino acid sequence encoded 
thereby (SEQ ID N0:2). 

5 Figure 3 shows a comparison of the human erythropoietin amino acid sequence (human) (SEQ ID N0:4) and that 

of the chimp erythropoietin (chepo) described herein, wherein the amino acid designated X at amino acid position 142 of 
the CHEPO sequence is either glutamine (SEQ ID N0:2) or lysine (SEQ ID N0:5). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
10 L Definitions 

The terms "CHEPO polypeptide", "CHEPO protein" and "CHEPO" when used herein encompass native sequence 
CHEPO and CHEPO polypeptide variants (which are further defined herein). The CHEPO polypeptide may be isolated from 
a variety of sources, such as from human tissue types or from another source, or prepared by recombinant and/or synthetic 
methods. 

15 A "native sequence CHEPO" comprises a polypeptide having the same amino acid sequence as a CHEPO derived 

from nature. Such native sequence CHEPO can be isolated from nature or can be produced by recombinant and/or synthetic 
means. The term "native sequence CHEPO" specifically encompasses naturally-occurring truncated or secreted forms (&£., 
an extracellular domain sequence), naturally-occurring variant forms (&£, alternatively spliced forms) and naturally- 
occurring alleOc variants of the CHEPO. In one embodiment of the invention, the native sequence CHEPO is a mature or 

2 0 fulWength native sequence CHEPO comprising ammo acids 1 to 193 of Figure 3 (SEQ ID N0S2 and 5). Also, while the 
CHEPO polypeptides disclosed in Figure 3 (SEQ ID N0S:2 and 5) is shown to begin with the methionine residue designated 
herein as amino acid position 1, it is conceivable and possible that another methionine residue located either upstream or 
downstream from amino acid position 1 in Figure 3 (SEQ ID N0S:2 and 5) may be employed as the starting amino acid 
residue for the CHEPO polypeptide. 

2 5 "CHEPO variant polypeptide" means an active CHEPO polypeptide as defined below having at least about 80% 

amino acid sequence identity with the amino acid sequence of (a) residues 1 or about 28 to 193 of the CHEPO polypeptide 
shown in Figure 3 (SEQ ID N0S2 and 5), (b) X to 193 of the CHEPO polypeptide shown in Figure 3 (SEQ 10 N0S2 and 5J, 
wherein X is any amino acid residue from 23 to 32 of Figure 3 (SEQ ID UQS2 and 5) or (c) another specifically derived 
fragment of the amino add sequence shown in Figure 3 (SEQ ID N0S2 and 5). Such CHEPO variant polypeptides include, 
30 for instance, CHEPO polypeptides wherein one or more amino acid residues are added, or deleted, at the N- and/or C- 
terminus, as weQ as within one or more internal domains, of the sequence of Figure 3 (SEQ ID N0S:2 and 5). Ordinarily, 
a CHEPO variant polypeptide wiQ have at least about 80% amino acid sequence identity, alternatively at least about 81% 
amino acid sequence identity, alternatively at least about 82% amino add sequence identity, alternatively at least about 
83% amino acid sequence identity, alternatively at least about 84% amino acid sequence identity, alternatively at least 

3 5 about 85% amino acid sequence identity, alternatively at least about 86% amino acid sequence identity, alternatively at 

least about 87% amino add sequence identity, alternatively at least about 88% amino add sequence identity, alternatively 
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at (east about 89% amino acid sequence identity, alternatively at least about 90% ammo acid sequence identity, 
alternatively at bast about 91% amino acid sequence identity, alternatively at least about 92% amino acid sequence, 
identity, alternatively at least about 93% amino acid sequence identity, alternatively at least about 94% emino acid 
sequence identity, alternatively at least about 95% amino acid sequence identity, alternatively at least about 96% amino 
5 acid sequence identity, alternatively at least about 97% ammo acid sequence identity, alternatively at least about 98% 
amino acid sequence identity and alternatively at least about 99% amino acid sequence identity with (a) residues 1 or about 
28 to 193 of the CHEPO polypeptide shown in Figure 3 (SEQ ID NGS:2 and 5), (b) X to 193 of the CHEPO polypeptide 
shown in Figure 3 (SEQ 10 N0S:2 and 5), wherein X is any amino acid residue from 23 to 32 of Figure 3 (SEQ ID N0S:2 
and 5) or (c) another specifically derived fragment of the amino acid sequence shown in Figure 3 (SEQ 10 N0S:2 and S). 

10 CHEPO variant polypeptides do not encompass the native CHEPO polypeptide sequence. Ordinarily, CHEPO variant 
polypeptides are at least about 10 amino acids in length, alternatively at least about 20 amino acids in length, alternatively 
at least about 30 amino acids in length, alternatively at least about 40 amino acids in length, alternatively at least about 
SO amino acids in length, alternatively at least about 60 amino acids in length, alternatively at least about 70 amino acids 
in length, alternatively at least about 80 ammo acids in length, alternatively at least about 90 amino acids in length, 

1 5 alternatively at feast about 1 00 amino acids in length, alternatively at least about 1 50 amino acids in length, alternatively 
at least about 200 amino acids in length, alternatively at least about 300 amino acids in length, or more. 

"Percent (%) amino acid sequence identity" with respect to the CHEPO polypeptide sequences identified herein 
is defined as the percentage of amino acid residues in a candidate sequence that are identical with the amino acid residues 
in a CHEPO sequence, after aligning the sequences and introducing gaps, if necessary, to achieve the maximum percent 

20 sequence identity, and not considering any conservative substitutions as part of the sequence identity. Alignment for 
purposes of determining percent amino acid sequence identity can be achieved in various ways that are within the skill in 
the art for instance, using publicly available computer software such as BLAST, BLAST-2, ALIGN, AUGN-2 or Megafign 
(DNASTAR) software. Those skilled in the art can determine appropriate parameters for measuring alignment, including 
any algorithms needed to achieve maximal alignment over the full-length of the sequences being compared. For purposes 

2 5 herein, however, % amino add sequence identity values are obtained as described below by using the sequence comparison 
computer program AUGN-2, wherein the complete source code for the AUGN-2 program is provided in Table 1 below. The 
AUGN-2 sequence comparison computer program was authored by Genentech, Inc. and the source code shown in Table 
1 has been fUed with user documentation in the U.S. Copyright Office, Washington D.0, 20559, where h is registered 
under U.S. Copyright Registration No. TXU510087. The AUGN-2 program is publicly available through Genentech, Inc^ 

30 South San Francisco, California or may be compiled from the source code provided in Table 1. The AUGN-2 program should 
be compiled for use on a UNIX operating system, preferably tigitat UNIX V4.00. All sequence comparison parameters are 
set by the AUGN-2 program and do not vary. 

For purposes herein, the % amino acid sequence identity of a given amino acid sequence A to, with, or against 
a given amino mad sequence B (which can alternatively be phrased as a given amino acid sequence A that has or comprises 

35 a certain % amino acid sequence identity to, with, or against a given amino add sequence B) is calculated as follows: 
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100 times the fraction X/Y 
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where X is the number of amino acid residues scored as identical matches by the sequence aOgnment program AUGN-2 
in that program s alignment of A and B, and where Y is the total number of amino acid residues in B. It will be appreciated 
5 that where the length of amino acid sequence A is not equal to the length of amino acid sequence B, the * amino acid 
sequence identity of A to B will not equal the % amino acid sequence identity of B to A. As examples of % amino acid 
sequence identity calculations. Tables 2 and 3 below demonstrate how to calculate the % amino acid sequence identity 
of the amino acid sequence designated Comparison Protein to the amino acid sequence designated PRO . 

Unless specifically stated otherwise, all % amino acid sequence identity values used herein are obtained as 
10 described above using the AUGN-2 sequence comparison computer program. However. % amino acid sequence identity 
may also be determined using the sequence comparison program NCBIBIAST2 (Altschul et aL. Nucleic Acids Res. 
25:3389-3402 11997)1. The NCBIBLAST2 sequence comparison program may be downloaded from 
http://wwwjdinlmjih.gov or otherwise obtained from the National Institute of Health, Bethesda. MO. NCBI-BLAST2 
uses several March parameters, wherein all of those search parameters are set to default values including, for example, 
15 unmask - yes. strand - all. expected occurrences - 10. minimum low complexity length - 1 5/5. multi-pass e-value - 
0.01, constant for multi-pass - 25, dropoff for final gapped alignment - 25 and scoring matrix - BL0SUM62. 

In situations where NCBI-BLAST2 is employed for amino acid sequence comparisons, the % amino acid sequence 
identity of a given emino acid sequence A to, with, or against a given amino acid sequence B (which can alternatively be 
phrased as a given amino acid sequence A that has or comprises a certain % amino acid sequence identity to. with, or 
2 0 against a given amino acid sequence B) is calculated as follows: 

100 times the fraction XJY 

where X is the number of amino acid residues scored as identical matches by the sequence alignment program NCBI- 
25 BLAST2 in that program s efignment of A and B. and where Y is the total number of amino acid residues in B. It will be 
appreciated that where the length of amino add sequence A is not equal to the length of amino acid sequence B. the % 
ammo acid sequence identity of A to B will not equal the % emino acid sequence identity of B to A. 

■CHEPO variant polynucleotide" or CHEPO variant nucleic acid sequence means a nudefc acid molecule which 
encodes an active CHEPO polypeptide as defined below and which has at least about 80% nucleic acid sequence identity 
30 with either (a) a nucleic and sequence which encodes residues 1 or about 28 to 193 of the CHEPO polypeptide shown in 
Figure 3 (SEQ 10 NOSi and 5). lb) a nucleic acid sequence which encodes residues X to 193 of the CHEPO polypeptide 
shown in Figure 3 (SEQ ID N0S:2 and 5). wherein X is any amino acid residue from 23 to 32 of Figure 3 (SEQ ID N0S:2 
and 5) or (c) a nucleic acid sequence which encodes another spedficeOy derived fragment of the emino acid sequence 
shown in Figure 3 (SEQ ID NOSS and 51 Ordinarily, a CHEPO variant polynucleotide will have at least about B0% nucleic 
3 5 acid sequence identity, alternatively at least about 81* nucleic acid sequence identity, alternatively at least about 82% 
nudeic acid sequence identity, alternatively at least about 83% nucleic add sequence identity, alternatively at least about 
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84% nucleic add sequence identity, alternatively at least about 85% nucleic sad sequence identity, alternatively at least 
about 86% nucleic acid sequence identity, alternatively at least about 87% nudeic acid sequence identity, artematrvery 
at least about 88% nucleic acid sequence identity, alternatively at least about 89% nucleic add sequence identity, 
alternatively at least about 90% nucleic acid sequence identity, alternatively at least about 91% nudeic acid sequence 
identity, alternatively at least about 92% nucleic add sequence identity, alternatively at least about 93% nudeic add 
sequence identity, alternatively at least about 94% nudeic acid sequence identity, alternatively at least about 95% nucleic 
add sequence identity, alternatively at least about 96% nucleic acid sequence identity, alternatively at least about 97% 
nucleic add sequence identity, alternatively at least about 98% nudeic add sequence identity and alternatively at least 
about 99% nudeic add sequence identity with either (a) a nucleic add sequence which encodes residues 1 or about 28 
to 193 of the CHEPO polypeptide shown in Figure 3 (SEQ ID N0S:2 and 5). (b) a nucleic add sequence which encodes 
residues X to 193 of the CHEPO polypeptide shown in Figure 3 (SEQ ID N0S2 and 5), wherein X is any amino add residue 
from 23 to 32 of Figure 3 ISEQ ID NQS:2 and 5) or (c) a nudeic acid sequence which encodes another specifically derived 
fragment of the amino acid sequence shown in Figure 3 (SEQ ID N0S:2 and 5). CHEPO polynudeotide variants do not 
encompass the native CHEPO nucleotide sequence. 

Ordinarily, CHEPO variant polynucleotides are at least about 30 nucleotides in length, alternatively at least about 
60 nudeotides in length, alternatively at least about 90 nucleotides in length, alternatively at least about 120 nucleotides 
in length, alternatively at least about 150 nucleotides in length, alternatively at least about 180 nucleotides in length, 
alternatively at least about 210 nudeotides in length, alternatively at least about 240 nudeotides in length, alternatively 
at least about 270 nucleotides in length, alternatively at least about 300 nucleotides in length, alternatively at least about 
450 nudeotides in length, alternatively at least about 600 nucleotides in length, alternatively at least about 900 
nucleotides in length, or more. 

■Percent (%) nucleic acid sequence identity" with respect to the CHEPO polypeptide-encoding nudeic add 
sequences identified herein is defined as the percentage of nudeotides in a camfidate sequence that are identical with the 
nudeotides in a CHEPO polypeptide-encoding nucleic add sequence, after aligning the sequences and introducing gaps, if 
necessary, to achieve the maximum percent sequence identity. Alignment for purposes of determining percent nudeic acid 
sequence identity can be achieved in various ways that are within the ski in the art, for instance, using pubfidy ava3abte 
computer software such as BLAST, BLAST-2, ALIGN, AUGN-2 or MegaGgn (DMASTAR) software. Those skilled in the art 
can determine appropriate parameters for measuring alignment, induing any algorithms needed to achieve maximal 
alignment over the f utWength of the sequences bong compared. For purposes herein, however, % nucleic add sequence 
identity values are obtained as described below by using the sequence comparison computer program AUGN-2, wherein 
the complete source code for the AUGN-2 program is provided in Table 1. The AUGN-2 sequence comparison computer 
program was authored by Genentech, Inc. and the source code shown in Table 1 has been filed with user documeirtation 
in the U.S. Copyright Office, Washington D.C., 20559, where it is registered under U.S. Copyright Registration No. 
TXU510087. The AUGN-2 program is publicly available through Genentech, Inc., South San Francisco, California or may 
be compiled from the source code provided in Table 1. The AUGN-2 program should be compiled for use on a UNIX 



11 



PCTAJSOO/12370 

WO 00/68376 

operating system, preferably digital UNIX V4.0D. AD sequence comparison parameters are set by the AUGN-2 program 
and do not vary. 

For purposes herein, the % nucleic acid sequence identity of a given nucleic acid sequence C to, with, or against 
a given nucleic acid sequence D (which can alternatively be phrased as a given nucleic acid sequence C that has or 
comprises a certain % nucleic acid sequence identity to, with, or against a given nucleic acid sequence D) is calculated as 
follows: 



100 times the fraction WfZ 



where W is the number of nucleotides scored as identical matches by the sequence alignment program AUGN-2 in that 
program s alignment of C and D, and where 2 is the total number of nucleotides in 0. It will be appreciated that where 
the length of nucleic acid sequence C is not equal to the length of nucleic acid sequence D, the % nucleic acid sequence 
identity of C to D will not equal the % nucleic acid sequence identity of 0 to C. As examples of % nucleic acid sequence 
identity calculations, Tables 4 and 5 below demonstrate how to calculate the % nucleic acid sequence identity of the 
nucleic acid sequence designated Comparison ONA to the nucleic acid sequence designated PRO-DNA . 

Unless specifically stated otherwise, all % nucleic acid sequence identity values used herein are obtained as 
described above using the AUGN-2 sequence comparison computer program. However, % nucleic acid sequence identity 
may also be determined using the sequence comparison program NCBI-BLAST2 (Altschul et aU Nucleic Acids Res. 
25:3389-3402 (19971). The NCBM3LAST2 sequence comparison program may be downloaded from 
http'J/www.ncbi.nlm.nih.gov or otherwise obtained from the National Institute of Health, Bethesda, MD. NCBI-8LAST2 
uses several search parameters, wherein aD of those search parameters are set to default values including, for example, 
unmask - yes, strand - aU expected occurrences - 10, minimum low complexity length - 15/5, multi-pass e-value - 
0.01, constant for multi-pass - 25, dropoff for final gapped alignment - 25 and scoring matrix - BLOSUM62. 

In situations where NCB1BLAST2 is employed for sequence comparisons, the % nucleic acid sequence identity 
of a given nucleic acid sequence C to, with, or against a given nucleic acid sequence D (which can alternatively be phrased 
as a given nucleic add sequence C that has or comprises a certain % nucleic add sequence identity to, with, or against 
a given nucleic acid sequence D) is calculated as follows: 

100 times the fraction WfZ 

where W is the number of nucleotides scored as identical matches by the sequence alignment program NCB1-BLAST2 in 
that program s alignment of C and D, and where Z is the total number of nucleotides in 0. It will be appreciated that where 
the length of nucleic acid sequence C is not equal to the length of nucleic add sequence 0, the % nudeic acid sequence 
identity of C to D will not equal the % nucleic acid sequence identity of D to C. 

In other embodiments, CHEPO variant polynucleotides are nudeic acid molecules that encode an active CHEPO 
polypeptide and which are capable of hybridizing, preferably under stringent hybridization and wash conditions, to 
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nucleotide sequence* encoding the fuMength CHEPO polypeptide shown in Figure 3 (SEQ 10 N0S:2 and 51 CHEPO variant 
polypeptides may be those that are encoded by a CHEPO variant polynucleotide. 

The term "positives", in the context of the amino acid sequence identity comparisons performed as described 
above, induces amino acid residues in the sequences compared that are not only identical, but also those that have similar 
properties. Amino acid residues that score a positive value to an amino acid residue of interest are those that are either 
identical to the amino acid residue of interest or are a preferred substitution (as defined in Table 6 below) of the amino acid 
residue of interest 

For purposes herein, the % value of positives of a given amino acid sequence A to, with, or against a given amino 
acid sequence B {which can alternatively be phrased as a given amino acid sequence A that has or comprises a certain % 
positives to, with, or against a given amino acid sequence B) is calculated as follows: 



100 times the fraction X/Y 



where X is the number of amino acid residues scoring a positive value as defined above by the sequence alignment program 
AUGN-2 in that program s alignment of A and B f and where Y is the total number of amino acid residues m B. It will be 
appreciated that where the length of amino acid sequence A is not equal to the length of amino acid sequence B, the % 
positives of A to B will not equal the % positives of B to A. 

"Isolated," when used to describe the various polypeptides disclosed herein, means polypeptide that has been 
identified and separated and/or recovered from a component of its natural environment Preferably, the isolated polypeptide 
is free of association with all components with which ft is naturally associated. Contaminant components of its natural 
environment are materials that would typically interfere with diagnostic or therapeutic uses for the polypeptide, and may 
include enzymes, hormones, and other proteinaceous or ncn-proteinaceous solutes. In preferred embodiments, the 
polypeptide will be purified (1) to a degree sufficient to obtain at least 15 residues of N-terminal or internal amino acid 
sequence by use of a spinning cup sequenator, or (2) to homogeneity by SOS-PAGE under nonreducing or reducing 
conditions using Coomassie blue or, preferably, silver stain. Isolated polypeptide includes polypeptide in situ within 
recombinant ceils, since at least one component of the CHEPO natural environment will not be present Ordinarily, 
however, isolated polypeptide wfll be prepared by at least one purification step. 

An "isolated" nucleic acid molecule encoding a CHEPO polypeptide is a nucleic acid molecule that is identified 
and separated from at least one contaminant nucleic acid molecule with which it is ordinarily associated in the natural 
source of the CHEPO-encoding nucleic acid. Preferably, the isolated nucleic is free of association with all components with 
which it is naturally associated An isolated CHEPO-encoding nucleic acid molecule is other than in the form or setting in 
which it is found in nature. Isolated nucleic acid molecules therefore are distinguished from the CHEPO-encoding nucleic 
acid molecule as it exists in natural cells. However, an isolated nucleic acid molecule encoding a CHEPO polypeptide 
includes CHEPO-encoding nucleic acid molecules contained in ceBs that ordinarily express CHEPO where, for example, the 
nucleic acid molecule is in a chromosomal location Different from that of natural cells. 
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The term "control sequences" refers to ONA sequences necessary for the expression of an operably inked coding 
sequence in a particular host organism. The control sequences that are suitable for prokaryotes, for example, include a 
promoter, optionally an operator sequence, and a ribosome binding site. Eukaryotic cells are known to utffize promoters, 
polyadenytation signals, and enhancers. 

Nucleic acid is "operably finked" when it is placed into a functional relationship with another nucleic acid 
sequence. For example, ONA for a presequence or secretory leader is operably linked to DNA for a polypeptide if it is 
expressed as a preprotein that participates in the secretion of the polypeptide; a promoter or enhancer is operably finked 
to a coding sequence if it affects the transcription of the sequence; or a ribosome binoing site is operaWy finked to a coifing 
sequence if it is positioned so es to facilitate translation. Generally, "operably linked" means that the DNA sequences being 
linked are contiguous, and, in the case of a secretory leader, contiguous and in reading phase. However, enhancers do not 
have to be contiguous, linking is accomplished by Bgation at convenient restriction sites. If such sites do not exist the 
synthetic oligonucleotide adaptors or linkers are used in accordance with conventional practice. 

The term "antibody" is used in the broadest sense and specifically covers, for example, single ant^CHEPO 
monoclonal antfoodies (including agonist antagonist and neutralizing antibodies), anti-CHEPO antibody compositions with 
polyepitopic specificity, single chain anti-CHEPO amiboifies, and fragments of anti-CHEPO antibodies (see below). The term 
•monoclonal antibody" as used herein refers to an antibody obtained from a population of substantially homogeneous 
antibodies, the individual antibodies comprising the population are identical except for possible naturally-occurring 
mutations that may be present in minor amounts. 

"Stringency" of hybridization reactions is readily determinable by one of ordinary skill in the art and generally 
is an empirical calculation dependent upon probe length, washing temperature, and salt concentration. In general longer 
probes require higher temperatures for proper annealing, while shorter probes need lower temperatures. Hybridization 
generally depends on the abffity of denatured DNA to rearmeal when complementary strands are present in an environment 
below their melting temperature. The higher the degree of desired homology between the probe and hybridizable sequence, 
the higher the relative temperature which can be used. As a result it follows that higher relative temperatures would tend 
to make the reaction conditions more stringent while lower temperatures less so. For additional details and explanation 
of stringency of hybridization reactions, see Ausubel et aL. Current Protocols in Molecular Biology, Wiley Intersciance 
Publishers, (1995). 

"Stringent conditions" or "high stringency conditions", as defined herein, may be identified by those that (1) 
employ low ionic strength and high temperature for washing, for example 0.015 M sodium chloride/0.0015 M sodium 
citrate/0.1% sodium dodecyl sulfate at 50 C; (2) employ during hybridization a denaturing agent such as formamide, for 
example, 50% Wv) formamide with 0.1% bovine serum albumin/0.1% RcoH/0.1% polyvinytpyiroIidone/SOmM sodium 
phosphate buffer at pH 6.5 with 750 mM sodium chloride, 75 mM sodium citrate at 42 C; or (3) employ 50% formamide. 
5 x SSC (0.75 M NaCU 0.075 M sodium citrate), 50 mM sodium phosphate (pH 8.8), 0.1 % sodium pyrophosphate, 5 x 
Oenhardt s solution, sonicated salmon sperm DNA (50 g/ml), 0.1% SDS, and 10% dextran sulfate at 42 C, with washes 
at 42 C in 0.2 x SSC (sodium chloride/sodium citrate) end 50% formamide at 55 C, f oflowed by a high-stringency wash 
consisting of 0.1 x SSC containing EDTA at 55 C. 
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-Moderately stringent conditions" may be identified as described by Sambrook el a/. Molecular Clonin B : A , 
laboratory Manual. New York: Cold Spring Harbor Press. 1989. and include the use of washing solution and hybrafeatien 
conditions le.g, temperature, ionic strength and %SOS) less stringent that those described above. An example of 
moderately stringent conditions is overnight incubation at 37 C in a solution comprising: 20% formamide. 5 x SSC (150 
mM NaCI, 15 roM trisodium citrate), 50 mM sodium phosphate (pH 7.6). 5 1 Denhantt s solution. 10% dextran sulfate, and 
20 mg/ml denatured sheared salmon sperm DMA. followed by washing the filters in 1 x SSC at about 37-50 C. The skilled 
artisan will recognize how to adjust the temperature, ionic strength, etc as necessary to accommodate factors such as 
probe length and the Gke. 

The term "epitope tagged" when used herein refers to a chimeric polypeptide comprising a CHEPO polypeptide 
fused to a "tag polypeptide". The tag polypeptide has enough residues to provide an epitope against which an antibody 
can be made, yet is short enough such that it does not interfere with activity of the polypeptide to which it is fused. The 
teg polypeptide preferably also is fairly unique so that the antibody does not substantially cross-react with other epitopes. 
Suitable tag polypeptides generally have at least six amino acid residues and usually between about 8 and 50 amino acid 
residues (preferably, between about 10 and 20 amino acid residues). 

As used herein, the term "mununoadhesin" designates antibody-like molecules which combine the binding 
specificity of a heterologous protein (an "adhesin") with the effector functions of immunoglobulin constant domains. 
Structurally, the immunoadhesins comprise a fusion of an amino acid sequence with the desired binding specificity which 
is other than the antigen recognition and binding site of an antibody (i.e.. is "heterologous"), and an immunoglobulin 
constant domain sequence. The adhesin part of an mmunoadhesin molecule typically is a contiguous amino acid sequence 
comprising at feast the binding site of a receptor or a Rgand. The immunoglobulin constant domain sequence in the 
immunoadhesinmay be obtained from eny immunoglobulin, such as IgG-l, lgG-2. lgG-3. or IqG4 subtypes, IgA fmduding 

lgA-1 and lgA-2J, IgE. IgD or IgNL 

•Active" or "activity" for the purposes herein refers to foim(s) of CHEPO which retain a biological and/or an 
immunological activity of native or naturaHy-occurring CHEPO. wherein biological activity refers to a biological function 
(either inhibitory or stimulatory) caused by a native or naturally-occuning CHEPO other than the ability to induce the 
production of an antibody against an antigenic epitope possessed by a native or naturally-occurring CHEPO and an 
immunological activity refers to the ability to induce the production of en antibody against an antigenic epitope possessed 
by a native or natural-occurring CHEPO. Preferred bmlogicel eethrities includes, for example, the ahiBtv to regulate red 
blood cell production, to bind to receptors on the surface of committed progenitor calls of the bone marrow andlor other 
hematopoietic tissues andlor to induce proliferation andlor terminal maturation of erythroid calls. 

The term "antagonist" is used in the broadest sense, and includes eny molecule that partially or fully blocks, 
inhibits, or neutraBzes a biological activity of a native CHEPO pofypeptide disclosed herdn. Ina similar manner, the term 
■agonist" is used in the broedest sense and biehides any molecule that mimics e biological activity of a native CHEPO 
polypeptide disclosed herein. Suitable agonist or antagonist molecules specifically inchida agonist or antagonist antibodies 
or antibody fragments, fragments or amino acid sequence veriants of native CHEPO polypeptides, peptides, small organic 
molecules, etc.. Methods for identifying agonists or antagonists of a CHEPO polypeptide mey comprise contacting a 
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CHEPO polypeptide with a candidate agonist or antagonist molecule and meesuring a detectable change in ona or more 
biological activities normally associated with the CHEPO polypeptide. 

•Treatment" refers to both therapeutic treatment and prophylactic or preventative measures, wherein the object 
is to prevent or slow down (lessen) the targeted pathologic condition or disorder. Those in need of treatment include those 
5 already with the disorder as well as those prone to have the disorder or those in whom the disorder is to be prevented. 

•Chronic" administration refers to administration of the agentls) in a continuous mode as opposed to an acute 
mode, so as to maintain the initial therapeutic effect (activity) for an extended period of time. Intermittent admiiustration 
is treatment that is not consecutively done without interruption, but rather is cyclic in nature. 

•Mammal' for purposes of treatment refers to any animal classified as a mammal, including humans, domestic 
10 and farm animals, and zoo, sports, or pet animals, such as dogs, cats, cattle, horses, sheep, pigs, goats, rabbits, etc 

Preferably, the mammal is human. 

Administration "in combination with" one or more further therapeutic agents includes simultaneous (concurrent) 

and consecutive administration in any order. 

"Carriers" as used herein include pharmaceuticaify acceptable carriers, excipients, or stabilizers which are 

15 nontoxic to the cell or mammal being exposed thereto at the doseges and concentrations employed. Often the 
physiologically acceptable carrier is an aqueous pH buffered solution. Examples of physiologically acceptable canters 
include buffers such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low molecular 
weight (less than about 10 residues) polypeptide; proteins, such as serum albumin, gelatin, or immunoglobulins; hydropnic 
polymers such as polyvmylpyrroiidone; amino acids such as glycine, glutamine, asparagine. arginine or lysine; 

2 0 monosaccharides, disaccharides. and other carbohydrates including glucose, maimose, or dextrins; chelating egents such 
as EOTA; sugar alcohols such as manmtol or sorbitol; salt-forming counterions such as sodium; and/or nonionic surfactants 
such as TWEEN , polyethylene glycol (PE6), and PLUR0N1CS . 

■Antibody fragments" comprise a portion of an intact antfliody, preferably the antigen binding or variable region 
of the intact antibody. Examples of antibody fragments include fab, Fab'. Flab'),, and Fv fragments; diabodies; linear 

2 5 antibodies (Zapata et aU Protein Eng. 8(10)-. 1057-1062 11995]); single-chain antibody molecules; and muttispecific 

antibodies formed from antibody fragments. 

Papain digestion of antibodies produces two identical antigen-bbufing fragments, called "Fab" fragments, each 
with a single antigen-binding she. and a residual "Fc" fragment a designation reflecting the ability to crystallize readily. 
Pepsin treatment yields an Flab"), fragment that has two antigen-combining sites and is stfll capable of cross-inking 
30 antigen. 

"Fv" is the ntiiranum antibody fragment which contains a complete antigen-recognhion and -binding she. this 
region consists of a dimer of one heavy- and one kght-chain variable domain in tight non-covalent association. It is in this 
configuration that the three CORs of each variable domain interact to define an. antigen-binding she on the surface of tite 
dimer. Collectively, the six CORs confer antigen-binding specificity to the entibody. However, even a single variable 

3 5 domain (or half of an Fv comprising only three CORs specific for an antigen) has the ability to recognize and bind antigen. 

although at a lower affinity than the entire binding she. 
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The Fab fragment also contains the constant domain of the light chain and the first constent domain ICH1) of 
the heavy chain. Fab f repents differ from Fab fragments by the addition of a few residues at the carboiy terminus of 
the heavy chain CHI domain including one or more cysteines from the antibody hinge region. Fab'-SH is the designation 
herein for Fab" in which the cysteine residuels) of the constant domains bear a free thiol group, flab*), antibody fragments 
5 originally were produced as pairs of Fab" fragments which have hinge cysteines between them. Other chemical couplings 
of antibody fragments ere elso known. 

The "light chains" of antibodies fonmunoglobulins) from any vertebrate species can be assigned to one of two 
clearly distinct types, caned kappa and lambda, based on the amino acid sequences of their constant domains. 

Depending on the ammo acid sequence of the constant domain of their heavy chains, immunoglobulins can be 
10 assigned to different classes. There are five major classes of immunoglobulins: IgA. IgO, IgE, IgG. and IgM. and several 
of these may be further divided into subclasses (isotypes). e.g., lgG1. lgG2, lgG3. lgG4. IgA. and IgAZ 

"Single-chain Fv" or "sFv" antibody fragments comprise the VH and VL domains of antibody, wherein these 
domains are present in a single polypeptide chain. Preferably, the Fv polypeptide further comprises a polypeptide linker 
between the VH and VI domains which enables the sFv to form the desired structure for antigen binding. For a review of 
15 sFv. see Pluckthun in ™» Ph^nlnnv of Mon oclonal Antibodies, vol. 113. Rosenborg end Moore eds. Springer-Verlag. 
New York. pp. 269-315 (1994). 

The term "diabodies" refers to small antibody fragments with two antigen-binding sites, which fragments 
comprise a heavy-chain variable domain (VH) connected to a light-chain variable domain (VI) in the same polypeptide cham 
(VH • VU By using a linker that is too short to allow pairing between the two domains on the same chain, the domains 
2 0 are forced to pair with the complemenury domains of another chain and create two anogethbinding sites. Diabodies are 
de«ribedmmefu%in.forMampl8.EP404.097^ 
6448(1993). 

An "isolated" antibody is one which has been identified and separated andlor recovered from a component of its 
natural environment Contaminant components of its natural environment are materials which would interfere with 
25 diagnostic or therepeutic uses for the antftody. and may include enzymes, hormones, end other proteinaceous or 
nonproteinaceous solutes, to preferred emtortmer^ 

antibody as determined by the Lowiy method, and most preferably more than 99% by weight, (2) to a degree sufficient 
to obtain at least 15 residues of N-terminal or internal amino acid sequence by use of a spinning cup sequenator. or (3) to 
homogeneity by SDS-PAGE under reducing or nonreducing confrtions using Coomassie blue or. preferably, silver stain. 
30 Isolated antibody includes the antibody in situ within recombinant ceDs since at least one component of tire antibody's 
natural environment wi not be present Ordinarily, however, isolated antibooy will bo prepared by at bast one purification 

step. 

The word "label" when used herein refers to e detectable compound orcomposrtion which is conjugated directly 
or inoirectry to me antibody sees to germatea 
35 labels or fluorescent labels) or! in the case of an entymetie label, may catalyze chemical alteration of a substrata compound 
or composition which is detectable. 
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By "solid phase" is meant a non-aqueous matrix to which the antibody of the present invention can adhere. 
Examples of solid phases encompassed herein include those formed partially or entirely of glass (e.g„ controlled pore glass), 
polysaccharides (e.g. ( agarose), poly acrylamides, polystyrene, polyvinyl alcohol and silicones. In certain embodiments, 
depending on the context, the solid phase can comprise the weO of an assay plate; in others it is a purification column (e.g., 
an affinity chromatography column). This term also includes a discontinuous solid phase of discrete particles, such as 
those descried in U.S. Patent No. 4,275,149. 

A liposome" is a small vesicle composed of various types of lipids, phospholipids and/or surfactant which is 
useful for delivery of a drug (such as a CHEPO polypeptide or antibody thereto) to a mammal The components of the 
liposome are commonly arranged in a bilayer formation, similar to the fipid arrangement of biological membranes. 

A small molecule is defined herein to have a molecular weight below about 500 Daltons. 
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Table 1 

/* 

*C-C increased from 12 to 15 
5 * Z is average of EQ 

• B is average of NO 

• match with stop is _M; stop-stop - 0; J Qoker) match - 0 
# f 

Idefine M -8 /* value of a match with a stop */ 

.0 

int Jayt26][26| - { 



/• ABCOEFGHIJKLMNOPORSTUVWXYZ # / 





r a*/ 


{ 2. 0,2. 0. 0.4. 1,1.1, 0.-1.-2.-1. 0,_M. 1. 0.-2, 1. 1. 0, 0.-6, 0.-3. 0}. 




/•B*/ 


{ 0. 3.4. 3, 2.-5. 0. 1.2. 0, 0.-3.-2. 2,_M.-1. 1. 0. 0, 0. 0.-2.-5. 0.-3, 1}. 


15 


rc*i 


{•2,4,1 5,-5.-5,4,-3.-3,-2. 0,-5.-6.-5,4,_M,-3,-5,4, 0.-2. 0.-2.-8. 0, 0.-5}. 




ro*i 


{ 0. 3,-5. 4, 3,-6. 1. 1.-2. 0. 0,4,-3. 2._M.-1. 2,1. 0. 0. 0.-2.-7. 0.4. 2}, 




I'i'l 


{ 0. 2,-5. 3, 4,-5, 0. 1.-2. 0. 0.-3.-2, 1._M.-1. 1-1. 0, 0. 0.-2.-7. 0.4, 3}, 




rfi 


{4,-5.4,-6,-5, 9.-S.-2, 1. 0.-5, Z 0,4,_M,-5.-5.4.-3,-3. OA 0. 0. 7,-5>, 




/•G'/ 


{ 1, 0.-3. 1. 0.-5. S.-2.-3. 0.-2.4..3. 0,_M.-1.-1,-3. 1, 0. 0,-1.-7, 0.-5, 0}. 


20 


r h*/ 


{-1, 1.-3. 1. 1.-2.-2. 6,2. 0, 0.Z-2. 2..M. 0. 3, 2,-1,-1. 0,-2.-3. 0. 0. 2}. 




m 


{•1,-2,-2,-2..2, 1.-3.-2, 5. 0,-2, 2, 2.-2._M.-2.-2.-2.-1. 0. 0, 4.-5. 0.-1.-2}. 




/•j*/ 


{ 0, 0. 0. 0. 0. 0, 0. 0. 0. 0, 0. 0, 0. 0._M. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0}. 






{-1. 0,-5. 0. 0.-5,-2. 0,2. 0. 5,-3. 0. 1._M.-1. 1. 3. 0. 0. 0.-2.-3. 0.4. 0}. 




ri'i 


{•2.-3.-6.4.-3, 2,4.-2, 2. 0.-3, 6. 4,-3,_M,-3.-2,-3,-3,-1, 0, 2,-2. 0,-1,-2), 


25 


I'M*/ 


{•1,-2.-5.-3,-2, 0.-3.-Z 2. 0, 0, 4. 6.-2,_M.-2,-1. 0.-2,-1, 0, 2,4, 0.i-1}. 




rm 


{ 0, 2,4. 2. 1.4, 0. 2,-2, 0, 1,3.-2. i_M,-1. 1, 0, 1, 0, 0.-2,4. 0.-2. 1). 




rov 


{_M._M,_M,_M,_M,_M,_M,_M,_M,_M,_^_M,_M._M,0,_M,_M,_M,_M,_M 




rr*i 


{ 1,-1,-3,-1.-1,-5,-1. 0.-2. 0,-1.-3,-2,-1,_M. 6.0.0,1,0. 0.-1.-6. 0.-5, 0}. 




ro*/ 


{ 0. 1.5. 2, 2.-5,-1. 3,-Z 0, 1.-2.-1, 1..M. 0, 4. 1.-1.-1, 0.-2.-5. 0.4, 3}, 


30 


rm 


{•2, 0,4.-1,-1.4.-3. 2,-2. 0, 3,-3, 0. 0,_M, 0. 1, 6, 0,1. 0.-2, 2, 0,4, 0}. 




rs*i 


{ 1. 0. 0. 0, 0.3, 1.-1.-1. 0. 0.-3.-2, 1..M, 1.-1, 0. 2, 1. 0.-1.-2, 0.-3. 0), 




/•T*/ 


{ 1. 0,-2. 0. 0.-3. 0.-1. 0. 0, 0,-1.-1. 0._M. 0.-1.-1, 1.3,0. 0.-5, 0.-3. 0). 




ru*/ 


{ 0. 0, 0. 0. 0. 0. 0. 0. 0, 0, 0, 0. 0, 0,_M, 0. 0. 0. 0. 0, 0. 0, 0. 0. 0. 0}. 




rn 


{ 0.-2.-Z-2.-M.-1.-2, 4. 0.-2, 2, 2,-2,_M.-1.-2.-2,-1. 0. 0. 4,-6, 0.-2.-2), 


35 


rwi 


{-6,-5,-8,-7.-7, 0,-7.-3.-5, 0,-3.-2,4.4._M.6.-5. 2,-2.-5, 0,-6.17. 0, 0.-6). 




rx*/ 


{ o, o, o, o* o. o, o, o, o, o. a o. o, o._m. o, o, o, o. o. o. o. o, o, o, O), 



19 



WO 00/68376 

r Y V {-3.-3. 0.-M. 7,5. 0.-1. 0.4.-1.-2.-2._M,-5.4,4.-3.-3. 0.-2. 0. 0.10.4}, 
/• Z */ { 0. 1,5. 2. 3,-5. 0. 2.-2. 0. 0.-2.-1. 1,_M, 0. 3, 0. 0. 0. 0.-2.-6, 0.4. 4} 
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Table llcont) 

P 

include <stdio.h> 
5 include <ctypeii> 



#define MAXJMP 16 P max jumps in a diag •/ 

Idefine MAXGAP24 P don't continue to penalize gaps larger than this # / 

#define JMPS 1 024 P max jmps in an path */ 

10 Adeline MX 4 P save if there's at least MX-1 bases since last jmp # J 



15 



ffdefine DMAT 3 P value of matching bases *1 

Idefine OMIS 0 P penalty for mismatched bases */ 

define DINSO 8 P penalty for a gap */ 

#define 0INS1 1 P penalty per base •/ 

Idefine PINSO 8 P penalty for a gap '/ 

Idefine P1NS1 4 P penalty per residue '{ 



struct jmp { 

20 short nlMAXJMPt P we of jmp (neg f or dely) */ 

unsigned short x[MAXJMPt P base no. of jmp in seq x •/ 

j. P limits seq to 2* 16-1*/ 



score; P score at last jmp */ 

offset P offset of prev block*/ 

qmp; P current jmp index */ 

jp; POst of jmps*/ 

30 

struct path { 

int spc; p number of leading spaces*/ 

short ntJMPSt I* size of jmp (gap) */ 

int xlJMPSl /* toe of jmp (last etem before gap) *l 

35 }; 



struct diag { 
25 int 
long 
short 
struct jmp 
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char 




•offle; 


/• output file name *l 


char 




*namex[2k 


/• seq names: getseqsO */ 


char 




*prog; 


/• prog name for en msgs */ 


char 




•seqxffl; 


/• seqs: getseqsO m l 


int 




dmax; 


l m best diag: nw() */ 


int 




dmaxO; 


r final diag *( 


int 




dna; 


l m set if dna: main!) */ 


int 




endgaps; 


/* set if penalizing end gaps *f 


int 




gapx,gapy; 


/• total gaps in seqs*/ 


int 




lenO, Ien1; 


l m seq tens'/ 


Int 




ngapx, ngapy; 


/* total size of gaps */ 


int 




smax; 


/* max score: nwO *J 


int 




•xbm; 


/• bitmap for matching *J 


long 




offset; 


J* current offset injmp file *l 


struct 


diag 


•dx; 


/• holds diagonals 4 I 


struct 


path 


pp(2]; 


/• holds path for seqs */ 



char 'caUocO, 'maUocfl, 'indexO, # strcpy(); 

char •getseqO, # gj»llocft 
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Table Ucont) 

/• NeedlemarvWunsch alignment program 

• usage: progs file! tl)e2 

5 • where filel and tHe2 are two dna or two protein sequences. 

• The sequences can be in upper- or lower-case an may contain ambiguity 

• Any lines beginning with ' > ' or ' < ' are ignored 

• Max file length is 65535 (limited by unsigned short i in the jmp struct) 

• A sequence with 113 or more of its elements ACGTU is assumed to be DNA 
10 * Output is in the fde "afign.out" 

• 

• The program may create a tmp file in Itmp to hold info about tracebacL 

• Original version developed under BSD 4.3 on a vax 8650 
*» 

15 flnduda "m».h" 
include "dayJi" 

static _dbva(26]-{ 

1.14.2.13AOA11.0A124).3.15,0.0,0.5.6.8.8.7.9.0.10.0 

20 }; 

static _pbvaH261 - { 

1. 2|{1 < <fDVA , |J|(1 < <fl»VAl 4. 8. 16. 32. 64. 
1 28. 256. OxFFFFFFF, 1< <10. 1 < <11. 1< <12. 1< <13, 1< <14. 
25 1<<15.1<<16.1<<17.1<<18.1<<19.1<<20.K<21.1<<2Z 

1 < <23. 1< <24. 1< <25|(1< <fF , A1)|(1 < <fQ'-'A'» 

}; 

main 

mamlac, av) 
30 bit ac; 

char "avtt 

{ 

prog - avtOt 
Hlac!-3){ 

3 5 fprintflstderr/usage: %s fflal fOa2ln" t prog}; 

fprintHstderr/whera filel and f0e2 are two dna or two protein sequences^*); 
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f prtntf (stderr # "The sequences can be in upper- or lower-caseta"); 
f printf (stderr,"Any fines beginning with V or ' < ' are ignoredln"); 
f printflstderr/Output is in the fBe ValigiLOUtW); 
exitd); 

} 

namex[0) - avllt 

namexlD - avtft 

seqx[0] - getseq(namex(OL &lenO); 

seqxlll - getseqlnamexUL &len1); 

xbm-{dna)?_dbval:j>bval; 

endgaps - 0; P 1 to penalize endgaps */ 

ofile - "aligruout"; P output file •/ 

nwfl; - /• fill in the matrix, get the possible jmps */ 

readjmpst); C get the actual jmps # J 
printf); P print stats, alignment */ 

cleanup(O); f * unlink any tmp files # l 
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Table 1 (com) 

1* do the alignment return best score: mainQ 

* dna: values in Fitch and Smith, PNAS, 60, 1 382-1 386, 1983 

* pro: PAM 250 values 

5 * When scores are equal, we prefer mismatches to any gap, prefer 

* a new gap to extending an ongoing gap, and prefer a gap in seqx 

* to a gap in seq y. 
•/ 

nwfl nv 
10 { 



char 




/• seqs and ptrs *l 


int 


•ndely.'dely; 


l m keep track of defy */ 


int 


ndelx, delx; 


f* keep track of delx */ 


int 


*tmp; 


/* for swapping rowO, rowl */ 


int 


mis; 


/* score for each type */ 


int 


insO, insl; 


/* insertion penalties *f 


register 


id; 


/* diagonal index *f 


register 


q; 


/* jmp index */ 


register 


•co!0. # col1; 


/* score for curr, last row •/ 


register 


Wriry; 


/* index into seqs */ 



dx - (struct drag # )g_caflocrto get diags", lenO+lenl ♦ 1, sizeof(struet diag)); 



ndely - (int # Hi_callQcrto get ndely". lent + 1, sizeoffint)); 
25 defy - (int *)g_caOocrto get dely", ten W 1 , sizeof fmtjfc 

w!0 - (int 'Jg^caBocTto get coIO", ienl + 1, sizeoffiot)); 
coll - am •Jgjaflocf'to get coll", lenl ♦ 1, sizeoffint)); 
insO - (dna)7 DfNSO : PiNSO; 
insl - (dna)? 0INS1:PINS1; 

30 

smax - -10000; 
if(endgaps){ 

for (colOIO) - delytO] - -insO. yy - 1; yy < - lenl; yy ♦ +) { 
colUyyl - delytyyl - colWyy-1I - insl; 
35 ndelylyyl - yy; 

} 

25 
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colOIO] - 0; r Waterman BuD Math Biol 84 */ 

) 

else 

for(yy- 1; yy <-len1;yy++) 
5 delylyyl - -insO; 

/• fill in match matrix 
•/ 

for (px - seqxfOL xx - 1; xx < - lenO; px* xx+ +) { 
10 /• initialize first entry in cot 

'/ 

if (endgaps) { 

jflxx--.1l 

colHO] - deli - -TmsO+insI); 

15 else 

collIOJ -delx- colHO]- insl; 
ndelx - xx; 

} 

ebe{ 

20 collfO] - 0; 

deb - -insO; 
ndeJx - 0; 

} 
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Table Kcont) 



forlpy - seqxMyy - 1;yy < - Ien1;py++,yy++l { 
mis - coIOlyy l]; 
5 if (dna) 

mis * - {ibmCpx^AI&ibmJ'py-^)? DMAT : OMIS; 

else 

mis+- JayTpx-TIPpY-Wfc 

10 r update penalty for del in x seq; 

* favor new del over ongong del 

* ignore MAXGAP if weighting endgaps 
•/ 

if (endgaps 1 1 ndely[yy|< MAXGAP) { 
15 if (coIOlyy! - insO >-delyiyyI){ 

delylyy) - colO[yy] (insO+ins1); 
ndelylyy] - 1; 

}else{ 

delylyyl- insl; 

20 ndelytyy]**; 

} 

}el»{ 

if (coIOlyy) • (insO+insI) > - delyfyyD { 
delyiyy] - coIOlyy] * (insO+insD; 
25 ndelytyyj - 1; 

}else 

ndelylyy]* +; 

} 

30 f * update penalty for del in y seq; 

9 favor new del over ongong del 

•/ 

if (endgaps 1 1 ndelx < MAXGAP) { 

H (colKyy-11 • insO > - deh) { 
35 deli - col1|yy-1] • (insO+insI); 

1; 
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}else{ 

del*-- insl; 
ndel*++; 

} 

5 }ebe{ 

if(col1[yy-1)-GnsO+ins1| >-delx){ 
debt - col1[yy-1] -(insO+ins1); 
ndelx • 1; 

}ebe 

10 ndelx ++; 

} 

/* pick the maximum score; we're favoring 
* mis over any del and deli over dely 
15 */ 



20 
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Tablet (corrt) 

id - xx-yy ♦ lenl • 1; 

if (mis > - delx && mis > - delyfyyD 

colllyy] - mis; 
else if (delx >-dely[yy]){ 

colKyy] - delx; 

q - dxfidUjmp; 

if (dxfid].jp40]&&(!dna 1 1 (ndelx > - MAXJMP 
&&xx > dx[id].jp.x[ij]+MX) 1 1 mis > dxpd].score>01NSO)) { 
dx[idj.ijmp++; 
if (++q > - MAXJMP) { 
wrrtejmpsOd); 
ij - dxndl.ijmp - 0; 
dx[id).offset - offset- 
offset + - sizeof (struct jmp) + sizeof (offset); 

} 

} 

dxQd] jpji(q) - ndelx; 
dxfidljpjiql - xx; 
dxGdlscore - delx; 

} 

else{ 

colllyy) - delylyyt 
q - dxOdJjjmp; 
if (dxTtdl.jp.nfOI && (!dna 1 1 (ndelyiyy) > - MAXJMP 

&&xx > dxfidljpj[[ijl+MX) 1 1 mis > dxfid].scare+DINSO)){ 
dxOdJJjmp++; 
if (♦♦q >- MAXJMP) { 
writejmpsfid); 
ij - dxOdljjmp - 0; 
dxOdl.offset - offset 

offset + - sizeoflstnjctjmp) + sizeof(offset); 

> 

<Wid].jp.nIyl - -ndelylyyt 
29 
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dxlidlipjlrfl - xx; 
dx(idlscore - delyCyyt 

} 

if (xx - - tenO yy < tenl) { 
5 /• last col 

•/ 

iff (endgaps) 

col1[yyl— in$0+in$r{len1-yy); 
if Icoll (yy] > smax) { 
10 smax - col1[yyt 

dmax - id; 

} 

} 

} 

15 if (endgaps &&n < ienO) 

col1[yy-1] — insO+insr(lenO-xx); 
if(col1lyy-1] > smax){ 

smax - col1[yy-1t 
dmax - id; 

20 } 

tmp - coIO; coiO - coll; coll - tmp; 

> 

(void) freedchar ")ndelyl; 
(void) freedchar *)dely); 
25 |»oid) freedchar 'IcolO); 

(void}fre8«ehar *)co)1fc } 
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Table 1 1cont ) 

r 

* printO - only routine visible outside this module 

5 

* static 

* getmatO - trace back best path, count matches: printO 

* pr_afignO - print alignment of described in array pD: printO 

* dumpblockt) - dump a block of lines with numbers, stars: pr_aGgnO 
10 * numsl) - put out a number line: dumpblockt) 

* putlineO - put out a line (name, [num], seq, [num]): dumpblockO 

* stars!) • -put a line of stars: dumpblockO 

* stripnamel) - strip any path and prefix from a seqname 
*/ 

15 

^include "nw.fT 
Idefine SPC 3 

fdefme PJJNE 256 /• maximum output fine */ 
2 0 #define PJ5PC 3 /* space between name or num and seq *f 

extern _dayl26I26t 

int oleic I" set output line length ■•/ 

FILE "fx; r output file*/ 

printO print 
{ 

int lx f ly, firstgap, lastgap; /* overlap */ 
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30 if ({fx - f open(ofile, "w")) - - 0) { 

fprimf(stderr,"%$: can't write Ksta", prog, ofle); 
deanup(l); 

} 

fprintfffx, " < first sequence: %s (length - %d)ln", namexfOL lenOI; 
3 5 fprintflfx, " < second sequence: %s (length - %d)ln", namex[1L lenl); 

oten - 60; 
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Ix - lenO; 
ly - lent; 

firstgap - lastgap - 0; 

if (dmax < lenl - 1} { /" leading gap in x */ 
5 ppIOUpc - firstgap - lenl - dmax - 1; 

ry - pp(0].spc; 

} 

else if (dmax > lenl * 1) { /" leading gap in y */ 
ppllUpc - firstgap - dmax • {lenl • \Y, 
10 Ix-pplUspc; 
} 

if IdmaxO < lenO - 1 ) { /" trailing gap in x •/ 
lastgap - fenO-dmaxO-1; 
lx — lastgap; 

15 ' } 

else if (dmaxO > lenO • 1 ) { /" traifing gap in y •/ 
lastgap - dmaxO-flenO- 1); 
ly- lastgap; 

} 

20 getmatflx, ry, firstgap, lastgap); 

prjfignft 
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Table Ucont) 

r 

• trace back the best path, count matches 
•I 

5 static 

getmatflx, ly, firstgap, lastgap) 

int la, ly; J* "core" (minus endgaps) */ 

int firstgap, lastgap; r leading trailing overlap */ 

{ 

10 int nm,iO,i1,sizQ,siz1; 

char out432t 
pet 
nQ, n1; 

registerchar # pO,*p1; 

15 

/• get total matches, score 
•/ 

iO - il - sizQ - stz1 - 0; 
pO - seqxfO] + ppdlspc; 
20 p1 - seqrfi] + pp[OJ.spc; 

ftO - ppHlspc + 1; 
n1 - pp[Olspc + 1; 

nm - 0; 

25 while CpO&& # p1){ 

If(3iz0){ 

p1++; 
n1++; 
iizO-; 

30 } 

eiseU(sa1){ 
pO**; 
nO++; 
sol-; 

35 } 

else{ 
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HlxbmCpO-'AT&xbmfpl.'AT) 

<f(nO++ - - ppIOl.xOOD 

sizO - ppfOinDO* +L" 

if(nH*--pp(1Wi1D 

«z1 - pp|1lnli1 + +t 

p0++; 
pH+; 



10 



/* pet homology: 

* if penalizing endgaps, base is the shorter seq 

* else, knock off overhangs and take shorter core 
15 •/ 

if (endgaps) 

tx-(lenO < tenU? !enO:len1; 

else 

lx-(lx<ly)?lx:lY; 
20 pet - 100. # (doubleM(doubla}h; 

fprintflfx.-ta-fc 

fprintf(fx, " < %d match%s in an overlap of %d: %.2f percent similarityln", 
nm(nm--1)7"":-esMx,pct); 



25 
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fprintf (Ix, " < gaps in first sequence: fid", gapxk 



^getmat 



if(gapx){ 

(void) sprintftoutx, " (%d %s%s)", 

ngapx,<dna)?"base":"residue" i (ngapx 1)7 "":Vk 
fprintf(fx,"%s". outxh 

fprintflfx, ", gaps in second sequence: %d", gapy); 
if(gapy){ 

(void) sprintfloutx, " (%d %s%s)", 

ngapy, (dna)? "baseYresidue", (ngapy - - 1)7 ":V); 

fprintf(fx f "%s", outx); 



if (dna) 

fprintflfx, 

"In < score: %d (match - %4 mismatch - %d, gap penalty - %d + %d per basejln", 
smax f DMAT ( DMIS,DINS0.OINS1); 

else 

fprintflfx, 

"\n < score: %d (Dayhoff PAM 250 matrix, gap penalty - %d + %d per residue)tn", 
smax,PINSQ,PlNSt); 
if(endgaps) 

fprintflfx. 

" < endgaps penalized, left endgap: %d %s%s, right endgap: %d %s%sln", 
firstgap. (dna)7 "base" : "residue", (firstgap - - 1)7 "" : V, 
lastgap. (dna)? "base" : "residue", (lastgap - - 1)7 "" : "s"k 

eisa 

fprintflfx, " < endgaps not penalized^"); 



} 



} 



static 



static 



static 



run; 



Imax; 



5121; 
ncBk 



/* matches in core - for checking "I 
f lengths of stripped ffle names •/ 
/* jmp index for a path */ 



static 



static 



r number at start of current fine *| 
f • current elem number - for gapping */ 
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static si42fc 

static char # ps(2t /* ptr to current element */ 

static char *po[2t /* ptr to next output char slot */ 

static char outl2][PJJNEt f output line */ 

5 static char starfPJJNEfc f set by starsO */ 

C 

* print alignment of described in struct path ppfl 
•/ 

10 - static 

prjIignO prjilign 
{ 

int tin; /* char count */ 

int more; 
15 register i; 

lorfi- 0,lmax-0;i < 2;i++){ 
nn - stripname(namex(iD; 
if (nn > Imax) 
20 (max - nn; 

ndil-1; 
niffl-1; 
sizfi] - iffi] - 0; 
25 pslij - seqxOfc 

pop] - outlit } 
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for (nn - ran - 0, more - 1; more; ) { .~pr_aHgn 
for fi - more - 0; i < 2; i+ +) { 

5 r 

* do we have more of this sequence? 
•/ 

if(rpsH) 

continue; 

0 

more++; 



if (ppHlspc) { P leading space *f 
>[u>* 

15 PPliLspc-; 

} 

else if (sizffl) { /' in a gap*/ 
>lu>* - 
sizlfl-; 

20 > 

else { P we're putting a seq element 

•I 

•polil-'pslit 
if (islowerTpspD) 

25 # ps(0 - toupperTpspD; 

pod**; 

r 

30 * are we at next gap for this seq? 

if (nan - - ppEunsim { 
r 

• we need to merge afl gaps 
35 * at this location 

•/ 
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sizBl-PP[ilnIp*+t 
while (nji) - - PPtOJ#ffl 

snfil + -ppfiWffl**fc 

} 

} 

} 

H (++nn -- olen 1 1 !more&&nn){ 
dumpblockO; 
for fi - 0; i < 2;i++) 
poli] - outfit 

nn-0; 

} 



} 



} 



• dump a block of lines, including numbers, stars: pr_afignO 
•/ 

static 

dumpblockO 
{ 



lor(i-0;i < 2;i*+) 
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^dumpblock 



(void)putcf\n\ fx); 
for{i-Q;i<2;i++){ 

if (• outfi) && l # outffl ! - ' 1 1 1'lpoPD !- ' ')) { 
iffi--0) 

nums(i); 

jf(j.-Q&&*0Ut[1]) 

starsO; 

putfineli); 

jf(i--0&& # outI1]) 

fprintf (fx, star); 
iffi-- 1) 



} 

} 

} 

r 

• put out a number fine: dumpblockO 
•/ 

static 

numsfix) 

int ix; 1* index in outO holding seq fine *f 



{ 



char n!ine[PJJNEfc 
register It 
register char >, # px, # py; 

for (pn - nline, i - 0; i < ImmPJPC; pn+ +) 
pn ■ , 

for 0 - ncpxipy - outOxt # py; py+ +, pn* +) { 

■rw — ,i ll - pr-- , -i 

•pn- 11 ; 

eUe{ 
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Hfi*10--0||li--1&&nc0»]!-1)){ 
j-fi<0)?-i:i; 
for(px - picfcji- 10. pi -) 
•pi - j%10 + 'O'; 

if |i < 0) 

•pi-' 1 ; 

} 

else 

pn - , 



} 

} 

•pn - 'tO'; 
nclix) - i; 

for(pn-nline;'pn; pn++) 

(void) putcCpn, fx); 
(void)putc(V,fx); 



P 

• put out a line (name, [numj, seq r Inumlh dumphlockO 
# l 

static 



int ix; { 
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int t 
register char *px; 

for (px - namexfixl i - 0; *px && # px !- ':'; px+ +, i* ♦) 

(void) putcCpx, fx); 
forti <!max+PJPC;i++) 

(void) putcf.fxk 

/• these count from 1: 

• niO is current element (from 1 ) 

• ncO is number at start of current line 
•I 

for(px -outtix]; # px;px++) 

(void) putd*px&0x7F. fx); 
(void) putdV. fx); 

} 



r 

• put a line of stars (seqs always in outlOL outf Ilk dumpblockO 
•< 

static 

starsf) 

{ 

bit t 

register char *p0, 'pi. ex. 'ps 

if (I'outlOl 1 1 1'outlOl — ' ' && 'IpolOD - - "1 1 1 

routii] 1 1 routm - tptfi --")) 

rotorn; 
px - star; 

for(i-lmax+PJPC;i;H 
•px**-"; 
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for (pO - outlOl pi - outllt # p0 && # pl; p0+ +, p1 + ♦) { 
if (isalphaCpO) && baiphafpD) { 

5 ifUbml'pO. , Al&xbmCp1- , AT){ 

ci - '"; 

} 

else if (Idnaaajayl-pO-'ATpl-'AI > 0) 

10 a ' ' • 

else 

ex-"; 

} 

else 

15 «" ■ 

*px+ + - ex; 

} 

•px+ + - V; 
•px-TO 1 ; 

20 } 
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Table Iteont) 

r 

* strip path or prefix from pa return ten: pr_a!ignO 
•I 

5 static 

stripnaina 

stripnamelpn) 

char # pn; /* file name (may be path) */ 

{ 

register char 'px/py; 

10 

py-O; 

for(px-pn; *px;px++) 
iffpx — T) 

py - px + 1; 

15 «f(py) 

(void) strcpylpn, py); 
returntstrtentpnU; 

> 

20 



25 



30 



35 
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Tabic Hcortl 

r 

* deanupO - cleanup any tmp file 

* getseqO - read in seq, set dna, len, maxlen 
5 # g_ca!locO - caflocO with error checkin 

* readjmpsO - get the good jmps, from tmp file if necessary 

* writejmpsO - write a fifled array of jmps to a tmp file: nwO 
•I 

include "nwJf 
1 0 include < sysfftlch > 

char 'jname - -Itmp/horngXXXXXX"; I* tmp file for jmps */ 

FILE # ft 

15 int cleanupl); r cleanup tmp file */ 

long IseekO; 

r 

* remove any tmp 
20 •/ 

claanupG) 

int 

{ 

if(fj) 

25 

exitfi); 

} 

r 

30 •read, return ptr to seq, set dna, len, maxlen 

# skip fines starting with V. ' < \ or ' > ' 

• seq in upper or tower case 
•I 

char # 

35 getseqlffle, Ian) 

char Mile; J # file name*/ 



ftorf we blow 



(void) unGnkQname); 



getseq 
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lot # ten; J'seqten'l 

{ 

char finelWpseq; 

register char *px,*py; 

int natgc, tlen; 

FILE # ta 



if«fp-fopcit(filB."n)--0){ 

fprintf(stden f "%s: can't read %s\n", prog, file); 
exitd); 

} 

tlen - natgc - 0; 

while tfgetsdine, 1024, fp»{ 

if nine -- V 1 1 Mine — '<' 1 1 'line — '>') 

continue; 
for (px- line; >!-V;px++> 

iffisupperCpx) || islowerCpx)) 

rJen++; 

> 

if ((pseq - maUoc((un$igned)(tlen+6))) - - 0) { 

f prinrt{stderr;%s: mallocO failed to get %d bytes for %sW. prog, tlen* 6. fleb 

exitd); 

} 

pseq[0] - pseqll] - pseq[2] - pseq[3] - TO 1 ; 
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py - pseq + 4; 
•fen - tlen; 
5 rewindlfp); 

white (fgets(lineJ024,fp)){ 

HrRn8 --V|| -finB---<MI Tine--'>1 
continue; 

10 for(px - line; *px !- V;px++>{ 

if fisupperfpx)) 

•py* + - # px; 

els8if(islower( # px» 

*PY*+ - toupper(*px); 
15 if|indeirATGCU-/(py-1D) 



} 

} 

•py^-tO'; 

20 •py-IO'; 

(void) f closetfp); 

dna - natgc > (tlen/3); 

retunilpseq+4); 

} 

25 



g_cailoc(msg, nx, sz) 

char •msg; / # program, calling routine */ 

tat nx. sz; J* number and size of elements *l 

30 { 

char •px. •caBocO; 

if ((px - cailodlunsigned)nx, (uniioiied)sz)) 0) { 
if( # nisg){ 

35 fprintf{stderr, "%s: gjaBocO failed %s (n-%4 sz-%d)ln", prog. msg, nx, szk 

eiWIt 
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} 

} 

returnlpx); 

} 

5 

r 

• get final jmps from dxD or tmp ffle. set ppl reset dmax: main!) 
*l 

readjmpsQ 
10 { 

tat M--1; 
int sk.iO.i1; 
register i, j, xx; 

15 mi 

(void)fclose(fjh 

if «fd - openQname, OJDONLY. 0)) < 0) { 

f printflstderr, "%s: can't open!) %s\n\ prog, jname); 
deanupOk 

20 > 
} 

for(j-iO-i1 -0,dmaxO-dmax,xx-lenO;;i++l{ 
while ID { 

for (j - dxldmaxl.rjmp; j > - 0 && dxldmaxl.jpjdjl > - xx; H 
25 : 



readimps 
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Table 1 (cont) 

_readjmps 

if (j < 0 && dxldmailof f set && ffl { 

(void) keeklf d, dxldmaxlof f set Oh 

(void) readlfd, (char *)&dx(dmax].jp, sizeof (struct imp)); 

(void) readlfd, (char *)&dxtdniax].offset sizeof(dx(dmax].Qffset)|; 

dxldmaxlipp - MAXJMP-1; 

} 

else 

break; 

> 

H|i>-JMPS){ 

fprintf(stderr, "%s: too many gaps in alignments*, prog); 
deanupdk 

} 

if(j>-0){ 

siz - dx[dmax].jp.n[jt 
xx - dxldmaxLjp.xOt 
dmax+-siz; 

if (siz < 0) { /* gap in second seq */ 

pplllnpl] - -siz; 
xx *- siz; 

r id-n-yy + leni-1 
•/ 

ppHWUl - xx - dmax* leni • 1; 
gapy++; 
ngapy — siz; 
/• ignore MAXGAP when doing endgaps */ 

siz - («a < MAXGAP 1 1 endgaps)? -siz : MAXGAP; 

} 

else Hlsiz > 0) {/* gap in first seq ■/ 
ppIOinBO] - siz; 
pplOlxfffll - n; 
gapx++; 
ngapx *- siz; 
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/• ignore MAXGAP when doing endgaps T 

siz - {siz < MAXGAP 1 1 endgaps)? siz : MAXGAP; 

i0++; 

} 

} 

else 

break; 

} 

f* reverse the order of jmps 
•/ 

for (J - 0, i0~; j < iO;j* +.»-){ 

i - pp[0].n[fl; pplOlnfj] • pplOLnfjO); pplOLnliO] - i; 
i - pplOUGt PP(O)jdj) - ppIOUnoi pp(0Ui01 - i; 

} 

for Q - 0. il-; i < i1;j*+.iH{ 

i - ppl11.n0lppm.n01 - ppnintiifcppnMilJ ■ i: 
i - ppTOJft MAW - PpHlxtilt ppHWill - i; 

} 

iff (ffd > - 0) 

(void) tioum 

mi 

(void) unlinkfjname); 

fj-0; 

offset -0; 

} > 
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• write a filled jmp struct offset of the prev one (if any): nwO 

^ ' wntejrnps 

writeimps(ix) 

int ix; 

{ 

char 'mktempO; 

LO 

if|!fp{ 

if (mktempliname) < 0) { 

fprintflstden, *%k can"t mktempO %s\n". prog, jname); 

cleanupfl); 

15 ) 

if |{fj - fopenljname, "w")) - - 0) { 

fprintfUtderr, *%k can't writs %s\n\ prog, jnamel; 

exitd); 

> 

20 } 

(void) fwritellehar M&dxMjp. aiieoflstraetimp), 1, fj); 
(void) fwritellehar *)&drfal.offset. jheofldtfixloffset). 1. fj); 

} 



30 
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PRO XXXXXXXXXXXXXXX {Length - 15 amino acids) 

Comparison Protein XXXXXYYYYYYY (Length - 12 amino acids) 

5 

% amino acid sequence identity - 

(the number of identically matching amino acid residues between the two polypeptide sequences as determined by AUGN-2) 
divided by (the total number of amino acid residues of the PRO polypeptide) - 

10 

5 divided by 15 -33.3% 
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Table 3 



pR0 XXXXXXXXXX (Length - 10 amino acids) 

Comparison Protein XXXXXYVYYYYZZYZ (Length - 15 amino acids) 

% amino acid sequence identity - 

(ttenumb* of identically matching antino arid between the two polypeptide 
divided by (the total number of amino acid residues of the PRO polypeptide) - 

5 divided by 10 -50% 
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PRO-DNA NNNNNNNNNNNNNN (Length - 14 nucleotides) 

Comparison DNA NNNNNNtlLLLLLLLL (length - 16 nucleotides) 

5 

% nucleic acid sequence identity - 

(the number of identically matching nucleotides between the two nucleic acid sequences as determined by AUGN-2) (fivided 
by (the total number of nucleotides of the PRO-ONA nucleic acid sequence) - 

10 

6 divided by 14-419% 
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TableS 



PR0-0MA NNNNNNNNNNNN (Length - 12 nucleotides) 

Comparison DMA NNNNLUW ILength - 9 nucleotides) 

5 

% nucleic acid sequence identity - 

(the number of identically matching nucleotides \ M m*tomm&vUmM****^* m * MU 
by (the total number of nucleotides of the PRO-ONA nucleic acid sequence) - 

10 

4 divided by 12 -33.3% 
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H Compositions and Methods of the Invention 

A. FiiMennth CHEPO Poh/Deptide 

The present invention provides newly identified and isolated nucleotide sequences encoding polypeptides referred 
to in the present eppScation as CHEPO. In particular, ONA encoding a CHEPO polypeptide has been identified and isolated. 
5 as disclosed in further detail in the Examples below. 

B. CHEPO Variants 

In addition to the full-length native sequence CHEPO polypeptides described herein, it is contemplated that 
CHEPO variants can he prepared. CHEPO variants can be prepared by introducing appropriate nucleotide changes into the 
10 CHEPO ONA, and/or by synthesis of the desired CHEPO polypeptide. Those skilled in the art will appreciate that amino 
acid changes may alter post translational processes of the CHEPO. such as changing the number or position of 
glycosylate sites or altering the membrane anchoring characteristics. 

Variations in the native full-length sequence CHEPO or in various domains of the CHEPO described herein, can 
be made, for example, using any of the techniques and guidelines for conservative and non-conservative mutations set 
15 forth, for instance, in U.S. Patent No. 5,364,934. Variations may be a substitution, deletion or insertion of one or more 
codons encoding the CHEPO that results in a change in the amino acid sequence of the CHEPO as compared with the native 
sequence CHEPO. Optionally the variation is by substitution of at least one amino acid with any other amino acid in one 
or more of the domains of the CHEPO. Guidance in determining which amino acid residue may be inserted, substituted or 
deleted without adversely affecting the desired activity may be found by comparing the sequence of the CHEPO with that 
20 of homologous known protein molecules and minimizing the number of amino acid sequence changes made in regions of 
high homology. Amino acid substitutions can be the result of replacing one amino acid with another amino acid having 
similar structural and/or chemical properties, such as the replacement of a leucine with a serine. Le, conservative amino 
acid replacements. Insertions or deletions may optionally be in the range of about 1 to 5 amino acids. The variation 
allowed may be determined by systematically making insertions, deletions or substitutions of amino acids in the sequence 
25 and testing the resulting variants for activity exhibited by the fuBJength or mature native sequence. 

CHEPO polypeptide fragments ere provided herein. Such fragments may be truncated at the N-tenninus or C- 
terminus, or may lack internal residues, for example, when compared with e full length native protein. Certain fragments 
lack amino acid residues that are not essential for a desired biological activity ol the CHEPO polypeptide. 

CHEPO fragments may ba prepared by any of a number of conventional techniques. Desired peptide fragments 
30 may be chemically synthesized. An alternative approach involves generating CHEPO fragments by enzymatic digestion, 
e.g, by treating the protein with an enzyme known to eleeve proteins at rites defined by particular amino acid residues, 
or by digesting the ONA with suitable restriction enzymes and isolating the desired fragment Yet another suitable 
technique involves isolating and amplifying a ONA fragment encoding a desired polypeptide fragment by polymerase chain 
reaction (PCRl Oligonucleotides that define the desired termini of the ONA fragment are employed at the 5' and 3' primers 
35 in the PCR. Preferably, CHEPO polypeptide f ragmente share at least one biological and/or immunological activity with the 
native CHEPO polypeptides shown in Figure 3 (SEQ 10 N0S2 and 5). 
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In particular embodiments, conservative substitutions of interest are shown in Table 6 under the heading of 
preferred substitutions. If such substitutions result in a change in biological activity, then more substantial changes, 
denominated exemplary substitutions in Table 6. or as further described below in reference to amino acid classes, are 
introduced and the products screened. 



Table 6 



10 



15 



25 



Original 



30 



Ata(A) 
Arg(R) 
Asn(N) 
Asp (01 
Cys(C) 
Gln(Q) 
Glu(E) 
Gly(G) 
His (H) 
Deffl 



20 Uu(U 



ty«0O 

Met(M) 

Phe(F] 

Pro (PI 

SertS) 

ThrlD 

TipW 

Tyr(Y» 

Val(V) 



Exemplary 

Substitutions 

vat leu: ue 

lys; gin; asn 
gin; his; lys; arg 
glu 

ser 
asn 
asp 

pro; ala 

asn; gin; lys; arg 
larval; met; ala; phe; 



norleucine; fle; val; 

met; ala; phe 
arg; gin; asn 

leu; phe; Se 

leu;val;«e;ala;tyr 



tynphe 



thr 
ser 

trp; phe; thr; ser 
ile; leu; met phe; 
ala; norteurine 



Preferred 



gin 
glu 



arg 



tyr 



Substitutions 
val 

lys 



ser 
asn 
asp 
ala 



Be 
arg 



ala 
thr 



leu 



Substantial modifications in function or immunological identity of the CHEPO polypeptide are accomplished by 
selecting substitutions that differ significantly in their effect on maintaining (a) the structure of the polypeptide backbone 
35 in the area of the substitution, for example, as a sheet or helical conformation, (b) the charge or hydrophobicity of the 
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molecule at the target site, or <c) the bulk of the side chain. Naturally occurring residues are divided into groups based on 
common side-chain properties: 

(1) hydrophobic norleurine, met ala, val, leu, ile; 

(2) neutral hydroph'dic cys, ser, thn 
5 (3) addle asp, gju; 

(4) basic: asn, gin, his, lys, arg; 

(5) residues that influence chain orientation: gly, pro: and 

(6) aromatic trp,tyr,phe. 

1 o Non-conservative substitutions wiB entail exchanging a member of one of these classes for another dass. Such 

substituted residues also may be introduced into the conservative substitution sites or, more preferably, into the remaining 
(non-conserved) sites. 

The variations can be made using methods known in the art such as oligonucleotide-mediated (site-directed) 
mutagenesis, alanine scanning, and PCR mutagenesis. Site-directed mutagenesis (Carte et aL, Nud. Acids Res., 13:4331 

15 (1986); Zolier et aL, NucL Acids Res.. 10:6487 (1987)1 cassette mutagenesis [Wells et aL, Gene, 34:315 (1985)], 
restriction selection mutagenesis (Wefls et aL, Philos. Trans. R. So c. London SerA. 317:415 (1986)] or other known 
techniques can be performed on the cloned DNA to produce the CHEPO variant DNA. 

Scanning amino acid analysis can also be employed to identify one or more amino acids along a contiguous 
sequence. Among the preferred scanning amino acids are relatively small, neutral amino acids. Such amino acids include 

20 alanine, glycine, serine, and cysteine. Alanine is typically a preferred scanning amino acid among this group because it 
eliminates the side-chain beyond the beta-carbon and is less likely to alter the main-chain conformation of the variant 
ICunningham and Weus, Science. 244: 1081-1085 (1989)1. Alanine is also typically preferred because it is the most 
common amino arid. Further, it is frequently found in both buried and exposed positions ICreighton, The Proteins , (W.H. 
Freeman & Co. HU Chothia, J.IMBioL 15fc1 (1976)]. If alanine substitution does not yield adequate amounts of 

2 5 variant, an isoteric amino acid can be used. 

C. Modifications of CHEPO 
Covalent modifications of CHEPO are included within the scope of this invention. One type of covatent 
modification includes reacting targeted amino add residues of a CHEPO polypeptide with an organic derivatizmg agent that 
30 is capable of reacting with selected side chains or the N- or C- terminal residues of the CHEPO. Derivatization with 
Afunctional agents is useful, for instance, for crossfinking CHEPO to a water-insoluble support matrii or surface for use 
in the method for purifying anti-CHEPO antibodies, and vice-versa. Commonly used aoss&nking agents include, &g. t \,\* 
bislulazoacet^^ glutaraldahyda, N4iydraxysuccininude esters, for example, esters with 4-aadosaltcyfic arid, 

homobifunctional imidoesters, including fisuccinimidyl esters such as S.S'-dfthiobislsuccinimidylpropionate), bifunctional 

3 5 maleimides such as bis#maleimido-1, 8-octane and agents such as methy Wlp-azidophenyM^^ 
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Other modifications include degradation of glutaminyl and asparagmyl residues to the corresponding glutamyl 
end aspartyt residues, respectively, hydration of profine and lysine, phosphorylation of hydroxyl groups of seryl or 
threonyt residues, methylation of the -amino groups of lysine, arginme. and histidine side chains fji Cceighton. ProtM«: 
^■^^Mn^rftonerties. W M. Freeman & Co.. San Francisco, pp. 79-86 (1 983)1 acetylation of the N-temenal 

amine, and amidation of any C-terrainel carboiyl group. 

Another type of covalent modification of the CHEPO polypeptide included within the scope of this invention 
comprises altering the native glycosylation pattern of the polypeptide. "Altering the native glycosylate pattern" is 
intended for pulses herein to mean deleting one or more carbohydrate moieties found in native sequence CHEPO (either 
hyrenwvingtheunderivingglyMsylationsheor^ 
adding one or men. glycosylation sites that am not present 

qualitative changes in the glycosylation of the native proteins, invoh-tag a change in the nature and proportions of the 

various carbohydrate moieties present 

Addition of glycosylation sites to the CHEPO polypeptide mey be accomplished by altering the amino acid 
sequence. The alteration may be made, for example, by the addition of. or substitution by. one or more serine or threonine 
residues to the native sequence CHEPO If or O-lmked glycosylation sites). The CHEPO amino acid sequence may optionally 
be altered through changes at the DNA level, particularly by mutating the DNA encoding the CHEPO polypeptide at 
preselected bases soeh that codons are generated that will translate into the desired amino acids. 

Another means of increasing the number of carbohydrate moieties on the CHEPO polypeptide is by chemical or 
enzymatic coupling of glycosides to the polypeptide. Such methods are described in the art. e.g, in WO 87/05330 
published 1 1 September 1987. and in Apfin and Wriston. CRC Crit. Rev. Binchem., pp. 259-306 (1981). 

Removal of carbohydrate moieties present on the CHEPO polypeptide may be accomplished chemically or 
enrymaticaOy or by mutational substitution of codons encoding for amino acid residues that serve as targets for 
glycosylation. Chemical deglycosylation techniques ere known in the art and described, for instance, by Hakimuddm. et 
al o„h HinAem. Binohvs^ 259:52 (19871 and by Edge et ak. AjaLBjochejiu. 118:131 (198U Enzymatic cleavage of 
carbohydrate moieties on polypeptides can be aclnevedbymeu*of avarietyof ^ 
hYTW.,r, et »l- Meth. Enzvmol. 138:350 (1987). 

Another type of covalent modification of CHEPO comprises linking the CHEPO polypeptide to one of a variety 
of nonproteinaceous polymers, t*. polyethylene glycol (PEG), polypropylene glycol, or potyoxyalkytenes. in the manner 
set forth in UAPetentNos. 4.640.835; 4.496,689; 4.301.W; 4.670.417; 4.791.192 or 4.179.337. 

The CHEPO of the present invention may also be modified in a way to form a chimeric molecule comprising 
CHEPO fused to another, heterologous polypeptide or amino acid sequence. 

In one embodiment, such a chimeric molecule comprises a fusion of the CHEPO with a tag polypeptide which 
provides en epitope to which an anti-tag antibody can ^tivalybml The epitope tag b generally placed rt 
or cerboiyl- temdnus of the CHEPO. The presence of such ephope tagged forms of the CHEPO can be detected usmg an 
antibody against the tag polypeptide. Alsa provision of the epitope ugenalto the CHEPO to to 
purification using en enfrtag entibody or another type of affinity matris that binds to the epitope tag. Various tag 
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polypeptides and their respective antibodies are well known in the art. Examples include poly-hathfrne (poly-his) or poly- 
histidine-glycine (poly-rris-gly) tags; the flu HA tag polypeptide and its antibody 12CA5 [Field at aL, Mol. Ceil BioL 8:21 59- 
2165 (1988)t the c-myc tag and the 8F9, 3C7, 6E1Q, 64, B7 and 9E10 antibodies thereto [Evan et al„ Molecular and 
Cellular Biology, 5:3610-3616 (1985)t and the Herpes Simplex virus glycoprotein 0 (gD) tag and its antibody [Paborsky 
5 et aL. Protein Engineering, 3I6h547-553 (1990)1 Other tag polypeptides include the Flag-peptide [Hopp at aL. 
BioTechnoloov, 6:1204-1210 (1988)1; the KT3 epitope peptide [Martin et aL, Scraps, 255:192-1 94 (1992JL* an -tubufin 
epitope peptide (Skinner et aL, J. BioL Chem.. 266:15163-15166 (1991)]; and the T7 gene 10 protein peptide tag [Lutz- 
Freyermuth et aL, Prpcjjjajj. Acad. Sri. USA, 27:6393-6397 (1990)1 

In an alternative embodiment the chimeric molecule may comprise a fusion of the CHEPO with an immunonjobufin 

10 or a particular region of an immunoglobulin. For a bivalent form of the chimeric molecule (also referred to as an 
immunoadhesin ), such a fusion could be to the Fc region of an IgG molecule. The Ig fusions preferably include the 
substitution of a soluble (transmembrane domain deleted or inactivated) form of a CHEPO polypeptide in place of at least 
one variable region within an Ig molecule. In a particularly preferred embodiment the immunoglobulin fusion includes the 
hinge, CH2 and CH3, or the hinge, CHI, CH2 and CH3 regions of an lgG1 molecule. For the production of immunoglobufin 

15 fusions see also US Patent No. 5,428,1 30 issued June 27, 1995. 



D. Preparation of CHEPO 

The description below relates primarily to production of CHEPO by cufturing cefis transformed or transfected with 
a vector containing CHEPO nucleic acid. It is, of course, contemplated that alternative methods, which are wefl known 

20 in the art may be employed to prepare CHEPO. For instance, the CHEPO sequence, or portions thereof, may be produced 
by direct peptide synthesis using solid-phase techniques [see, e.g., Stewart et aL, Solid-Phase Peptide Synthesis, WJi 
Freeman Co, San Francisco, CA (1969); Merrrfield, J. Am. Chem. Soc. 85:2149-2154 (1963JI in vitro protein synthesis 
may be performed using manual techniques or by automation. Automated synthesis may be accomplished, for instance, 
using an Applied Biosystems Peptide Synthesizer (Foster City, CA) using manufacturer's instructions. Various portions of 

25 the CHEPO may be chemically synthesized separately and combined using chemical or enzymatic methods to produce the 
full-length CHEPO. 

1. Isolation of DNA Encoding CHEPO 
DNA encoding CHEPO may be obtained from a cDNA library prepared from tissue believed to possess the CHEPO 
30 raRNA and to express it at a detectable leveL Accordingly, human CHEPO DNA can be conveniently obtained from a cONA 
library prepared from human tissue, such as described in the Eiamples. The CHEPO-encoing gene may also be obtained 
from a genomic library or by known synthetic procedures (ag., automated nucleic acid synthesis). 

Libraries can be screened with probes (such as antibodies to the CHEPO or oligonucleotides of at least about 20- 
80 bases) designed to identify the gene of interest or the protein encoded by it Screening the cONA or genomic Hjrary 
35 with the selected probe may be conducted using standard procedures, such as described in Sambrook et aL, Molecular 
Cloning: A Laboratory Manual (Mew York: Cold Spring Harbor laboratory Press, 19891 An alternative means to isolate 
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the gene encoding CHEPO is to use PCR methodology [Sambrook et aL sues 0««<*bach et aL. PHR Primer A Laboratory 
Manual (Cold Spring Harbor laboratory Press, 1995)1 

The Examples below describe techniques for screening a cONA library. The oligonucleotide sequences selected 
as probes should be of sufficient length and sufficiently unambiguous that false positives are minimized. The 
5 oligonucleotide is preferably labeled such that it can be detected upon hybridization to DNA in the library being screened. 
Methods of labeling are well known in th, art. end include the use of radiolabels Bke labeled ATP. biotinylation or 
enzyme labeling. Hybridization conditions, including moderate stringency and high stringency, ere provided in Sambrook 

et aL sunra. 

Sequences identified ta such Sbrarys^ 
10 depositedandavaaablein^^^^ Sequence identity (at 

either the amino acid or nucleotide level) within defined regions of the molecule or across the full-length sequence can be 
determined using methods known in the art and as described herein. 

Nucleic acid having protein coding sequence may be obtained by screening selected cDNA or genomic libraries 
using the deduced amino acid sequence disclosed herein for the first time. end. if necessary, using conventional primer 
1 5 extension procedures as described in Sambrook et «L supra, to detect precursors and processing intermediates of mRNA 
that may not have been reverse-transcribed into cONA. 

2. Selection and Tr^ """^ of Host Cells 
Host ceOs are transfeeted or transformed with expression or cloning vectors described herein for CHEPO 
20 production and cultured in conventional nutrient media rnodified as appropriate for inducing promoters, selecting 
Informants, or amplifying the genes encoding the desired sequences. The culture conditions, such as media, 
temperature. pH and the Eke. can he selected by the skilled artisan without undue experimentation. In general, principles, 
protocols, and practical techniques for maximizing the productivity of cell cultures can be found in Mammalian Cell 
□^■ ^■^rtic.lAonroach. M. Butler, ed. ORl Press. 1991) and Sambrook et aL subs, 
2 5 Methods of eukaryotic cell transfection and prekaryotic cell transformation are known to the ordinarily skilled 

artisan, for example. CaCI* CaPO* fiposome-medieted and electroporation. Depending on the host cell used, 
trarcformationis parity 

chloride, as described in Sambrook at el. supa or electreporation is generally used for prokeryotes. Infection with 

30 n983)andWO89|05B59published29June1989. For mammalian cells without such cefl wads, the calcium phosphate 
precipitation method of Graham and van der Eh, Vjroteffl, 52:456457 (1978) can bo employed. General aspects of 
manunaianceBlmtsy^transfectionsluweto 
ara typiadlyc^ out accord 

M ^.SdflJSAl. 26:3829 (1979). However, other methods for mtroduring DNA into cells, such ee by nuclear 
35 micreNection.electnvoration.bacierialp^ 
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may also be used. For various techniques for transforming mammalian «dl,, see Keown at aL, Methods jn Enrymology , 
185:527-537 (1990) and Mansour et aL, Mature, 326:348-352 (19881. 

Suitable host caBs for cloning or expression the DMA ,n the vectors herein include prokaryote. yeast, or higher 
eukaryote cefls. Suitable prokaryotes include but are not limited to eubacteria. such as Granvne B ative or Granvposhhre 
5 organisms, for example. Enterobacteriaceae such as £ off. Variousf. ^strains are publicly avadahle. such as LcoB 
K12stn»nMM294(ATCC31.446U^ 

53,635V Other suitable prokaryotic host cells include Enterobacteriaceae such as Escherichia. e.g..L caff, Enterobacter. 
Emm mMa.PMm.SalmnBlla.e4,..Salmneto 
8 ,wel»as^sucha,/r. W M^^ 
10 Aprfl1989|.^*/ W ^suchas/'. aeruginosa, niStrepternyces. These example, are illustrative rather than Bmhing. 
Strain W31 10 i, one particularly preferred host or parent host because it is a common host strain for recombinant ONA 
product f ermentetions. Preferably, the host cell secretes minimal amounts of proteolytic enzymes. For example, strain 
W3110may be modified to effect a genetic mutation in the fle nes encoding pmtdnsemtogenous to the host «rm 
of such hosts indudm B £cflffW3110strain1A2, which ha, tneeoraptate genotype to^ 
has the complete genotype tonA ptr* f. «rfW31 1 0 strain 27C7 (ATCC 55.2441. which has the comp.ete B enotype ^ 
ptrJphoA E15 (argNadW degP ompTkari; E. «rfW3110 strain 37D6. which ha, the complete genotype tonA ptr3 
phoAEIS largF-MM degP ompT ri,s7Mka,f; £ cofW31 10 ,train40B4. which i, , train 3706 with a non- 
kanamycin resistant degP deletion mutation; and an £ coB strain having mutant periplasmic protease disclosed in U.S. 
Patent No. 4.946.783 issued 7 August 1990. Alternatively. in ntro method, of cloning, a,.. PCR or other nucleic acid 

2 0 polymerase reaction,, are suitable. 

In addition to prokaryote,. eukaryotic microbes such as filamentous fungi or yeast are suitable cloning or 
expression host, for Conceding vectors. Saccharooiyces ceremiae is a commonly used lower eukaryotic host 
microorgarum Omars in^ 

published 2 May 1985k iOvwrxw^ ^ Patent No. 4^43.529; Fteex^r ^, EMTedtnatoax, S 968-975 (1891)) 
25 such a,, «#. K. hctis (MW98-8C, CBS683. CBS4574; louvencourt et aL. I Bacterial 737 (1983D. K. fragMs (ATCC 
12.4241 K. 'befg«icasWl 16,045). K. wickeramWl 24.178U- ^(ATCC 56.500U- dmsophnarummZ 

36*06; Van denBergefrf. BM^HStoft «fl»l.*wb**"'t"*«' — 
/^^(FJ-IBWSradm^er^ 

244,234); ^^^(Cse^^.Pmr Nad. Acad. Sci. USA, Zfe 5259-5263 (19791); Schwanmoiaytes such as 
3 0 Schwannionyces occidental* (EP 394.538 published 31 October 1990k and filamentous fungi such as, a* Kemspcn 

, giocham Pinnhv, Res. Common.. 112: 284-289 (19831; Tilbum et aL. gene, 26= 205221 (19831; Vdton eta,.. 
M M flgj, Sd. USA. 81= 1470-1474 (19841) and A. niger (Kelly and Hynes. EjflBM, 4: 475479 (19851). 
Metbylouopicyeasu are surtableherem and include, bm 
35 from the genera consisting of Hansel. Candida, Kloeckera. Pichia. Saccharoses. Torulopsis. and Rhodotonda. A fist 



61 



pCr/USOO/12370 

WO 00768376 

of specific species that are exemplary of this class of yeasts may be found in C. Anthony. JheJiodjardsMJi 

Mertyjojrophs, 269 (1982). . 
Suitable host cells for the expression of glycosylated CHEPO ere derived from multicellular orgarasms. Examples 

of invertebrate cells include insect cells such as v^ami1»lmnUln*u&<+-**+* 
5 useful mammalian host cell Ones &t^tmmmnm*m* Umw^~***+ 
monkey kidney CV1 fine transformed by SV4Q (COS-7, ATCC CRL 1651); human embryonic kidney fine (293 or 293 csBs 
^forgrovrthms^ 

,CH0 Urlaub and Chasin. Pra Mart. Acad. Sci. USA. 22=4216 (1 980)); mouse Sertoli cells (TM4. Mather, BidJarmL, 
23:243-251(19801); human lung cells TO ATCC CCL 75); human liver cetts (Hep G2.HB 8065k and rnouse mammary 
10 tumor (MMT 060562, ATCC CCL51). The selection of the appropriate host cefl is deerned to be vvhrm tte sk^m the art 

3 Selection and U? » "« » Hfinficahle Vector 
The nucleic acid (■*. cONA or genomic ONA) encoding CHEPO may be inserted into e replicable vector for 
doningUmplificationof the ONA) or for expression, Various vectors are publicly available. The vector may. for example. 
15 be in the form of a plasmid. cosmid, viral particle, or phage. The appropriate nucleic acid sequence may be mserted into 
the vector by a variety of procedures. In general, ONA is inserted into an appropriate restriction endonudease site(s) using 
techniques knownmme art Vector com^onentt 

an origin of replication, one or more marker genes, an enhancer element, a promoter, and a transcription tarmmatum 
sequence. Construction of suitable vectors containing one or more of these components employs standard Bgafon 
20 techniques vrhich are known to the skilled artisan. 

The CHEPO may be produced recombin»rtly not only directly, but also as a fusion polypeptide with a 

heteretogouspolypepti^^^^ 

terminus of the mature protein or Hp** m general the signal sequence may be a component of the vector, or rt may 
be a part of the CHEPO-encoding ONA that is inserted into the vector. The signal sequence may be a prokaryotie signal 

25 s^uenceselecteAforexar^^ 

Hteders. For yeart secretin, the signel^ 

Sacchmmes and Kluyvmmyces -factor bates, the latter described in UA Patent No. 5.010.1821 or acid 
phosphatase leader, the C albicans glucoan^ leader (EP 362.179 published 4 Aprt 
WO 90113646 published 15 November 1990. In mammalian can expression, mammalian signal sequences may be used 
30 todirectsecrationoftheim.tem.such* 

wed as viral secretory leaders. 

Both expression and cloning vectors contain a nucleic acid sequence that enables the vector to replicate in one 
or more selected host cells. Such sequences are weO known for a variety of bacteria, yeast and viresaa. The origin of 
replication from the plasmid pBR322 is surteble for most Gram-negative bacteria, the 2 plasnridoripb suitable for yeast 
35 andvarious«ralorig.ns|SV40^^ 
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Expression and cloning vectors will typically contain a selection gene, also termed a selectable marker. Typical 
selection genes encode proteins that (a) confer resistance to antflriotics or other toxins, e.g. t ampicfllin, neomycin, 
methotrexate, or tetracycline, (b) complement auxotrophic deficiencies, or supply critical nutrients not available from 
complex media, e.g„ the gene encoding D-alanine racemase for Bacffi. 
5 An example of suitable selectable markers for mammalian cells are those that enable the identification of ceQs 

competent to take up the CHEPO^ncoding nudeic acid, such as DHFR or thymidine kinase. An appropriate host cefl when 
wad-type DHFR is employed is the CHO cell One deficient in DHFR activity, prepared and propagated as described by Urlaub 
et ai„ Prat NatL Acad. Sci. USA. 77:4216 (1980). A suitable selection gene for use in yeast is the trp\ gene present in 
the yeast plasmid YRp7 [Stinchcomb et al, Mature, 282:39 (1979); Kingsman et aL, Gene, 7:141 (1979t Tschemper et 
10 aL, 6ene, 10:157 {1980)1 The trp\ gene provides a selection marker for a mutant strain of yeast lacking the ability to 
grow in tryptophan, for example, ATCC No. 44076 or PEP41 Uones, Genetics, 85:12 (1977)]. 

Expression and cloning vectors usually contain a promoter operably linked to the CHEPO-encoding nucleic acid 
sequence to direct mRNA synthesis. Promoters recognized by a variety of potential host cells are well known. Promoters 
suitable for use with prokaryotic hosts include the -lactamase and lactose promoter systems [Chang et at, Nature, 
15 275:615 (1978); Goeddel et aL, Nature, 281:544 (1979)1 alkaline phosphatase, a tryptophan (trp) promoter system 
[Goeddel, Nucleic Acids Res., 8:4057 (1980); EP 36,776L and hybrid promoters such as the tac promoter (deBoer et al., 
Proc. Natl. Acad. ScL USA. 80:21-25 (1983)1. Promoters for use in bacterial systems also wfli contain a Shine-Dalgamo 
(S.D.) sequence operably linked to the DNA encoding CHEPO. 

Examples of suitable promoting sequences for use with yeast hosts induda the promoters for 3-phosphogty cerate 

2 0 kinase [Hteeman et aL, J. Biol. Chem., 255:2073 (1980)1 or other glycolytic enzymes [Hess et aL, J. Adv. Enzyme fog., 

7:149 (1968); Holland, Biochemistry, 12:4900 (1978)1 such as enolase, glyceraldehyde-3-phosphate dehydrogenase, 
haxokinase, pyruvate decarboxylase, phosphof ructokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, 
pyruvate kinase, triphosphate isomerase, phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters having the additional advantage of transcription controlled 
25 by growth conditions, are the promoter regions for alcohol dehydrogenase 2, tsocytochrome C, acid phosphatase, 
degradative enzymes associated with nitrogen metabolism, metaflothtonein, glyceraldehyde-3-phosphate dehydrogenase, 
and enzymes response for maltose and galactose utilization. Suitable vectors and promoters for use in yeast expression 
are further descrfoed in EP 73,657. 

CHEPO transcription from vectors in mammalian host cells is controlled, for example, by promoters obtained from 

3 0 the genomes of viruses such as polyoma virus, fowlpox virus (UK 2^1 1 ,504 published 5 July 1989), adenovirus (such as 

Adenovirus 2), bovine papHloma vims, avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitts-B virus and Simian Virus 
40 (SV40), from heterologous mammalian promoters, &g., the actin promoter or an immunoglobulin promoter, and from 
heat-shock promoters, provided such promoters are compatible with the host cell systems. 

Transcription of a DNA encoding the CHEPO by higher eukaryotes may be increased by inserting an enhancer 
3 5 sequence into the vector. Enhancers are cis-acting elements of DNA, usually about from 10 to 300 bp, that act on a 
promoter to increase its transcription. Many enhancer sequences are now known from mammalian genes (global elastase, 
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albumin, -fetoprotein, and insulin). Typically, however, one will use an enhancer from a eukaryotic ceQ virus. Examples 
include the SV40 enhancer on the late side of the replication origin (bp 100*270), the cytomegalovirus early promoter 
enhancer, the polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. The enhancer may 
be spliced into the vector at a position 5* or 3* to the CHEPO coding sequence, but is preferably located at a site 5' from 



Expression vectors used in eukaryotic host cells (yeast fungi, insect plant animal, human, or nucleated cells 
from other multicellular organisms) wiQ also contain sequences necessary for the termination of transcription and for 
stabilizing the mRNA. Such sequences are commonly available from the 5* and, occasionally 3 1 , untranslated regions of 
eukaryotic or viral DNAs or cDNAs, These regions contain nucleotide segments transcribed as poh/adenylated fragments 
10 in the untranslated portion of the mRNA encoding CHEPO. 

Still other methods, vectors, and host cells suitable for adaptation to the synthesis of CHEPO in recombinant 
vertebrate cell culture are described in Gething et a!., Nature, 293:620-625 (1981); Mantei et al., Nature. 281:4046 
(1979k EP 117,060; and EP 117.058. 



15 4. Detecting Gene Amplification/Expression 

Gene amplification and/or expression may be measured in a sample directly, for example, by conventional 

Southern blotting, Northern blotting to quantitate the transcription of mRNA [Thomas, Proc. Natl. Acad. Sci. USA. 

77:5201-5205 (1980)], dot blotting (DNA analysis), or in situ hybridization, using an appropriately labeled probe, based 

on the sequences provided herein. Alternatively, antibodies may be employed that can recognize specific duplexes, including 
20 DNA duplexes, RNA duplexes, and DN A-RNA hybrid duplexes or ON A-protein duplexes. The antibodies in turn may be 

labeled and the assay may be carried out where the duplex is bound to a surface, so that upon the formation of duplex on 

the surface, the presence of antibody bound to the duplex can be detected. 

Gene expression, alternatively, may be measured by immunological methods, such as rnimunohistochemical 

staining of cells or tissue sections and assay of cell culture or body fluids, to quantitate directly the expression of gene 
2 5 product Antibodies useful for irnrnunohistochemical staining and/or assay of sample fluids may be either monoclonal or 

polyclonal and may be prepared in any mammal Conveniently, the antibodies may be prepared against a native sequence 

CHEPO polypeptide or against a synthetic peptide based on the DNA sequences provided herein or against exogenous 

sequence fused to CHEPO DNA and encoding a specific antfcody epitope. 



30 5. Purification of Polypgptjtfg 

Forms of CHEPO may be recovered from culture medium or from host cell ly sates. If membrane-bound, it can 

be released from the membrane using a suitable detergent solution (&£. Triton-X 100) or by enzymatic cleavage, CeOs 

employed in expression of CHEPO can be disrupted by various physical or chemical means, such as freeze-thaw cycling, 

sonication, mechanical disruption, or cell ly sing agents. 
35 It may be desired to purify CHEPO from recombinant cell proteins or polypeptides. The following procedures are 

exemplary of statable purification procedures: by fractionation on an ion-exchange column; ethanol precipitation; reverse. 
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phase HPLC; chromatography on siBca or on a cation*xchange resin such as OEAE: cmomatofocusing; SDS-PAGt 
ammonium sulfate precipitation; gel m^w^fmnm^t^Blkw^^i^mm^mnmmi 
contaminants such as IgG; and metal chelating connnns to bind epitope-tagged f o^^ 
protein purification may be employed end such methods are known in the art and described for example in Oeutscber. 
M,rt,nH.inEnzvmoloov. 182 11980); Scopes. Prntem P.nifiration- Principles and Practice. Springer-Verlag. New York 
(1 982). The purification step(s) selected will depend, for example, on the neture of the production procoss used and the 
particular CHEPO produced. 

E. Uses tor CHEPO 

Nucleotide sequences (or their complement) encoding CHEPO have various applications in the art of molecular 
biology, including uses as hybridization probes, in ctaomosonui and gene mappirn, and m the generation of anti-sena 
and ONA. CHEPO nucleic acid wiB also be useful for the preparation of CHEPO polypeptides by the recombinant techniques 
described herein. 

The full-length native sequence CHEPO cDNA (SEO 10 N0:3). or portions thereof, may be used as hybridization 
probes for a cDNA library to isolate the full-length CHEPO cDNA or to isolate still other cDNAs (for instanco. those 
encoding naturaHy occurring variants of CHEPO or CHEPO from other specias) which have a desired sequence identity to 
ma CHEPO sequence disclosed in Figure 2 (SEO ID N0:3). Optionally, the length of the probes wiO be about 20 to about 
SObases. The hybridization probes may be derived from at least partially novel regions of the nucleotide sequence of SEO 
ID N0:3 whereto those regions may be determined without undue experimentation or from genomic sequences including 
20 promoters, enhancer elements end introns of native sequence CHEPO. By way of example, a screening method wiD 
comprise isolating the coding region of the CHEPO gene using the known ONA sequence to synthesize a selected probe of 
about 40 bases. Hybridization probes may to labeled bye variety of labels, inchdlngra^ 
or enzymatic labels such es alludine phosphatase cnupledt^^ labeled probes 

having a sequence complementary to that of the CHEPO gene of the present invention can be used to screen libraries of 
25 humencDI^gewantoOIWorm^ W^*** 
techniques are described in further detad in the Examples below. 

Any EST sequences disclosed in the presort application may simOarty be employed as probes, using the methods 

disclosed hOTin. 

Other useful fragments of the CHEPO nucleic acids include antisense or sense ofigonueleotides comprising a 

30 amje-strandedimto 

ONA (antisense) sequences. Antisense or sense oligonucleotides, according to the present invention, comprise a fragment 
of the coifing region of CHEPO ONA. Such a fragment generally cwnprises at least d«ut 14 nucleotides, preferably from 
about 14 to 30 nucleotides. Tlwabib^ to derive an antisew^^^ 
- eneodingagiven^^ 

35 nUBioTechniques 6:958, 1988). 
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Binding of antisense or sense oligonucleotides to target nucleic acid sequences results in the formation of 
duplexes that block transcription or translation of the target sequence by one of several means, including enhanced 
degradation of the duplexes, premature termination of transcription or translation, or by other means. The antisense 
oligonucleotides thus may be used to block expression of CHEPO proteins. Antisense or sense oligonucleotides further 
5 comprise ofigonucleotides having modified sugarf hosphodiester backbones (or other sugar linkages, such as those 
descried in WO 91/06629) and wherein such sugar finkages are resistant to endogenous nucleases. Such ofigonucleotides 
with resistant sugar linkages are stable in mo (Le.. capable of resisting enzymatic degradation) but retain sequence 
specificity to be able to bind to target nucleotide sequences. 

Other examples of sense or antisense ofigonucleotides include thosa oligonucleotides which are covalentiy linked 
10 to organic moieties, such as those descrfced in WO 90/10048, and other moieties that increases affinity of the 
oligonucleotide for a target nucleic acid sequence, such as poly-{Uysine). Further still, intercalating agents, such as 
effipticme. and alkylating agents or metal complexes may be attached to sense or antisense ofigonucleotides to modify 
binding specificities of the antisense or sense oligonucleotide for the target nucleotide sequence. 

Antisense or sense oligonucleotides may be introduced into a cell containing the target nucleic acid sequence by 
15 any gene transfer method, including, for example, CaP0 4 -mediated DNA transfection, electroporation, or by using gene 
transfer vectors such as Epstein-Barr virus. In a preferred procedure, an antisense or sense oligonucleotide is inserted into 
a suitable retroviral vector. A cell containing the target nucleic acid sequence is contacted with the recombinant retroviral 
vector, either in mow ex mo. Suitable retroviral vectors include, but are not limited to, those derived from the murine 
retrovirus MMuLV, N2 (a retrovirus derived from M-IVIuLV), or the double copy vectors designated DCT5A, DCT5B and 
20 0CT5C (see WO 90/13641). 

Sense or antisense oligonucleotides also may be introduced into a cell containing the target nucleotide sequence 
by formation of a conjugate with a figand binding molecule, as described in WO 91/04753. Suitable figand bimfing 
molecules include, but are not limited to, ceD surface receptors, growth factors, other cytokines, or other figands that bind 
to cafl surface receptors. Preferably, conjugation of the figand binding molecule does not substantially interfere with the 
25 ability of the figand bimfing molecule to bind to its corresponding molecule or receptor, or block entry of the sense or 
antisense oligonucleotide or 'its conjugated version into the celL 

Alternatively, a sense or an antisense oligonucleotide may be introduced into a cell containing the target nucleic 
acid sequence by formation of an oligonucleotide-fipid complex, as described in WO 90/10448. The sense or antisense 
ofigonudeotide-fipid complex is preferably dissociated within the cell by an endogenous lipase. 
30 The probes may also be employed in PCR techniques to generate a pool of sequences for identification of closely 

related CHEPO coding sequences. 

Nucleotide sequences encoring a CHEPO can also be used to construct hybridization probes for mapping the gene 
which encodes that CHEPO and for the genetic analysts of inividuals with genetic disorders. The nucleotide sequences 
provided herein may be mapped to a chromosome and specific regions of a chromosome using known techniques, such as 
35 in situ hybridization, linkage analysis against known chromosomal markers, and hybridization screening with libraries. 
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When the coding sequences for CHEPO encode a protein which binds to another protein (example, where the 
CHEPO is a receptor), the CHEPO can be used in assays to identify the other proteins or molecules involved in the binding 
interaction. By such methods, inhibitors of the receptor/Bgand binding interaction can be identified. Proteins involved in 
such binding interactions can also be used to screen for peptide or small molecule inhfoitors or agonists of the binding 
5 interaction. Also, the receptor CHEPO can be used to isolate correlative ligand(s). Screening assays can be designed to 
find lead compounds that mimic the biological activity of a native CHEPO or a receptor for CHEPO. Such screening assays 
will include assays amenable to high-throughput screening of chemical libraries, making than particularly suitable for 
identifying small molecule drug candidates. Small molecules contemplated include synthetic organic or inorganic 
compounds. The assays can be performed in a variety of formats, mduifing protein-protein binding assays, biochemical 

1 0 screening assays, immunoassays and cell based assays, which are well characterized in the art. 

Nucleic acids which encode CHEPO or its modified forms can also be used to generate either transgenic animals 
or "knock out" animals which, in turn, are useful in the development and screening of therapeutically useful reagents. A 
transgenic animal (e.g., a mouse or rat) is an animal having cells that contain a transgene, which transgene was introduced 
into the animal or an ancestor of the animal at a prenatal e.g., an embryonic stage. A transgene is a DNA which is 

1 5 integrated into the genome of a cell from which a transgenic animal develops. In one embodiment cONA encoding CHEPO 
can be used to done genomic DNA encoding CHEPO in accordance with established techniques and the genomic sequences 
used to generate transgenic animals that contain cells which express ONA encoding CHEPO. Methods for generating 
transgenic animals, particularly animals such as mice or rats, have become conventional in the art and are described, for 
example, in U.S. Patent Nos. 4,736,866 and 4,870,009. Typically, particular cefls would be targeted for CHEPO transgene 

2 0 incorporation with tissue-specific enhancers. Transgenic animals that include a copy of a transgene encoding CHEPO 
introduced into the germ One of the animal at an embryonic stage can be used to examine the effect of increased expression 
of DNA encoding CHEPO. Such animals can be used as tester animals for reagents thought to confer protection from, for 
example, pathological conditions associated with its overexpression. In accordance with this facet of the invention, an 
animal is treated with the reagent and a reduced incidence of the pathological condition, compared to untreated animals 

2 5 bearing the transgene, would indicate a potential therapeutic intervention for the pathological condition. 

Alternatively, non-human homologues of CHEPO can be used to construct a CHEPO "knock out" animal which 
has a defective or altered gene encoding CHEPO as a result of homologous recombination between the endogenous gene 
encoding CHEPO and altered genomic DNA encoding CHEPO introduced into an embryonic stem cell of the animal For 
example, cONA encoding CHEPO can be used to done genomic DNA encoding CHEPO in accordance with established 

3 0 techniques. A portion of the genomic DNA encoding CHEPO can be deleted or replaced with another gene, such as a gene 

encoding a selectable marker which can be used to monitor integration. Typically, several kilobases of unaltered flanking 
DNA (both at the 5' and 3' ends) are included in the vector (see e.g., Thomas and Capecchl Cell 51-503 (1987) for a 
description of homologous recombination vectors). The vector is introduced into an embryonic stem cell line (&g^ by 
eiectroporation) end cells in which the introduced DNA has homologously recombined with the endogenous DNA are 
3 5 selected (see e.g., U et at, Cefl, 69:91 5 (1 992)1 The selected cefls are then injected into a blastocyst of an animal (e.g., 
a mouse or rat) to form aggregation chimeras (see e*, Bradley, in Teratocartmomas ami Embryonic Stem Cells: A Practical 
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Afpnvd,. L J. Robertson, ed. ORL Oxford. 1 9871 pp. 1 13-1 52L A d»im embryo can then to implanted imo a sui^ 
pseudoprepant female faster .run* and me entry o brought to term to create a "knock out" animal. Progeny harboring 
the homologously recombined ONA m theit germ ceOs can be identified by standard techniques and used to breed animals 
in which all cells of the animal contain the homologously recombined ONA. Knockout animals can be characterized for 
instance, for their ability to defend against certain pathological conditions and for their development of pathological 
conditions due to absence of the CHEPO polypeptide. 

Nucleic add encoding the CHEPO polypeptides may also be used in gene therapy. In gene therapy applications, 
genes are introduced into cells in order to achieve k mo synthesis of a therapeutically effective genetic product for 
example for replacement of a defective gene. "Gene therapy" includes both conventional gene therapy where a lasting 
effect is achieved by a single treatment, and the ttaU^am^^^^ 1 ^^^ 
« repeated administration of a therapeutically effective ONA or mRNA. Antisense RNAs and DNAs can be u«d as 
therapeutic agents for blocking the expression of certain genes in mo. It has already been shown that short antisense 
.Ogonucleotides can be imported into cells where they act as inhibitors, despite their low intracellular concentrations 
caused by their restricted uptake by the ceil membrane. (Zamecmk et aL. Prnc. Natl. Acad. Scl USA & 41434146 
15 [19861). The oligonucleotides can be modified to enhance their uptake. e.g. by substituting their negatively charged 
phosphodiester groups by uncharged groups. 

There are a variety of techniques available for introducing nucleic acids into viable cells. The techniques vary 
depending upon whether the nucleic acid is transferred into cuftured csfls in vttto, or in ¥wv in the cells of the intended host. 
Techniques surtable far the transfer of nucleic acid into mammalian ceOs in eitw include the use of liposomes. 
20 electroporation. microinjection, cell fusion. DEAE^extran, the calcium phosphate precipitation method, etc The currently 
preferred ir«w gene transfer tedw 

liposome mediated transection (Ozao et aL, Trends in Biotechnology Jl 205-210 [19931). In some situation, it is 
desirable ta provide the nucleic acid source with an agent tfurt tar,els the target celb, such as an antmody sp^ 
a cell surface membrane protein or the target ceO. e figand for a receptor on the target cell, etc Where liposomes are 
25 employed, proteins which bind to a ceB surface membrane protein associated with endocytosis may be used for targeting 
andior to facilitate uptake. e.g. capsid proteins or fragments thereof tropic for a particular cell type, antibodies for proteins 
which undergo internalization in cycling, proteins that target mtraceflular localization end enhance intracellular balf-flfe. 
Ttatechriqiieofrece^^ 

(1987k and Wagner et aL, Pjec m*<i Aead. Set USA fil 3410-3414 (1990). For review of gene marking and gene 
3 0 therapy protocols see Anderson et aL, Science 256. 808-81 3 (1992). 

The CHEPO polypeptides described herein may also be employed as molecular weight markers for protein 

electrophoresis purposes. 

The nucleic acid molecules encoding the CHEPO polypeptides or fragments thereof described herein ere useful 
forchrormjsorneidentificatiort m 
35 relatively few chromosome marking reagents, based upon actual sequence data are presently evaOable. Each CHEPO 
nucleic acid molecule of the present mventMneanbeusedasacluemosomemarker. 
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The CHEPO polypeptides and nucleic acid molecules of the present hwention may also be used for tissue typing, 
wherein the CHEPO polypeptide, of the present invention may be differentially expressed in one tissue as compared to 
another. CHEPO nudeic acid molecules wiB find use for generating probes for PCR, Northern analysis. Southern analysis 
and Western analysis. 

The CHEPO polypeptides described herein may also be employed as therapeutic agents. The CHEPO polypeptides 
of ,he present invention can be formulated according to known methods to prepare phermaceuticaUy useful compositions, 
whereby the CHEPO product hereof is combined in admixture with a pharmaceutical* acceptable carrier vehrcto. 
Therapeutic formulations are prepared for storage by mixing the active ingredient having the desired degree of purity with 
optional physiologically acceptable carriers, escipiems or stabilizers (figmngtonj Pharmaceutixe. Sciences 16th editon. 
Osol. A Ed. (1980». in the form of fyophifeed formulations or aqueous solution* Acceptable carriers, excrpumt, or 
stabtoamnontoxictomc^ 

citrate and other organic acids; antioxidants incfudtog ascorbic acid; tow molecular weight (less than about 10 res,dues) 
polypeptides; proteins, such as serum atournin. gelatin or immunoglobultos; hydrophiBc polymers such as 
po^ylpyrroudone. amino acids such as glycine, famine, asparagine. arginine or lysine; mooosaccharides. disacchaades 
15 and other carbohydrates toduding gtoco*. mannose. or dextrins; chelating agent, such as EOTA; sugar eJcohob such as 
mannholorsorbitetsah-formmgcounte^^ 

or PEG. , 

The formulations to be used for « ^ .dministration must be stenTe. This is readily accomplished by filtration 

tnroughstinitefulrBtion membranes, prior to or foflowmglyopliifeation and record 
20 Therapeutic compositions herein generally are placed into a container having a sterile access port, for example, 

an intravenous solution bag or vial having a stopper pierceable by a hypodermic injection needle. 

The route of administration is in accord with known methods. e.g. injection or infusion by intravenous, 
totraperitonsal intracerebral intramuscular, intraocular, intraarterial or intratestonal routes, topical administration, or by 
sustained release systems. 

25 Dosages and desired drug concentrations of pharmaceutical compositions of the present invention may vary 

depending on the particular use envisioned. The determination of the appropriate dosage or route of adrmrdstration is well 
within the ikffl of an ordinary physician. Animal experiments provide reliable guidance for the delegation of effective 
dose, for human therapy. Interspecies scaling of effective doses can bo performed f oOowing the principles laid down by 
Mordenti. X and ChappeO. W. The use of interspecies scaling in toxicokinetics" to Toxicokinetics and New Drug 

Wi™«W« administratis^ 
anmuTnsrnayvary^ 

glkgfday to 10 mgjkpjday. depending upon the route of administration. Guidance as to particular dosage, and methods 
of deihrery is provided in the uteratore; see. for exampfe. ILS. Pat. Nos. 4.657.760: 5.206.344; or 5.225.211 It « 
35 antictoatedmatdWerertfnrrnutotionswiBte 
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administration targeting one organ or tissue, for example, may necessitate delivery in a manner different from that to 
another organ or tissue. 

Where sustained-release administration of a CHEPO polypeptide is desired in a formulation with release 
characteristics suitable for the treatment of any disease or disorder requiring administration of the CHEPO polypeptide, 
5 microencapsulation of the CHEPO polypeptide is contemplated. Microencapsulation of recombinant protons for sustained 
release has been successfuBy performed with human growth hormone (rhGH), interferon- (rhIFN* ) f interieukin-2, and MN 
rgplffl. Johnson et aL, Nat. Med., £ 795799 (1996k Vasuda. Biomed. Ther„ 27: 1221-1223 (19931; Hora et ah, 
Biotechnology. 6: 755-758 (19901; Cleland, "Design and Production of Single Immunization Vaccines Using Polylactide 
Poh/gtycofide Microsphere Systems," in Vaccine Oesion: The Suhunit an d Adjuvant Approach, Powell and Newman, eds, 
10 (Plenum Press: New York, 1995), pp. 439462; WO 97/03692, WO 96/40072, WO 96/07399; and U.S Pat No. 5,654,010. 

The sustained-release formulations of these proteins were developed using poly-lacticcoglycolic acid (PLGA) 
polymer due to its biocompatibHity and wide range of biodegradable properties. The degradation products of PLGA, lactic 
and glycolic acids, can be cleared quickly within the human body. Moreover, the degradabflity of this polymer can be 
adjusted from months to years depending on its molecular weight and composition. Lewis. "Controlled release of bioacthre 
15 agents from tactide/glycoOde polymer," in: M. Chasin and R. Langer (Eds.), Biodegradable Polymers as Drug Delivery 
Systems (Marcel Dekken New York, 1990), pp. 141. 

This invention encompasses methods of screening compounds to identify those that mimic the CHEPO 
polypeptide (agonists) or prevent the effect of the CHEPO polypeptide (antagonists). Screening assays for antagonist drug 
candidates are designed to identify compounds that bind or complex with the CHEPO polypeptides encoded by the genes 
20 identified herein, or otherwise interfere with the interaction of the encoded polypeptides with other cellular proteins. Such 
screening assays wifl include assays amenable to high-throughput screening of chemical fibraries, making them particularly 
suitable for identifying small molecule drug candidates. 

The assays can be performed in a variety of formats, including protein-protein binding assays, biochemical 
screening assays, immunoassays, and cell-based assays, which are well characterized in the art All assays for 

25 antagonists are common in that they caO for contacting the drug candidate with a CHEPO polypeptide encoded by a nucleic 
acid identified herein under conditions and for a time sufficient to allow these two components to interact 

In binding assays, the interaction is binding and the complex formed can be isolated or detected in the reaction 
mixture. In a particular embodiment the CHEPO polypeptide encoded by the gene identified herein or the drug candidate 
is nunobifeed on 8 solid phase, e.g., on a microtiter plate, by covalent or non-covalent attachments. Non-covalent 
3 0 attachment generally is accomplished by coating the solid surface with a solution of the CHEPO polypeptide aid drying. 
Alternatively, an iranobiGzed antibody, a monoclonal antibody, specific for the CHEPO polypeptide to be immobifaed 
can be used to anchor it to a solid surface. The assay is performed by adding the non-immobilized component which may 
be landed by a detectable label to the immobilized component e.g H the coated surface containing the anchored 
component When the reaction is complete, the non-reacted components are removed, e.g H by washing, and complexes 
3 5 anchored on the solid surface are detected. When the originally non-immobilized component carries a detectable label, the 
detection of label enmobifized on the suHece trioleates that complexing occurred. Where the originally non-immobilized 
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thaimmoba*«edcomptex. 

lflheC endiaareconm^ 
identify ben*, its fcteraction with that polypeptide can be assayed by roethods weD known for detecting pm**fl- 
5 interaction, Such assay, induda tradition* approaches, such a, conking, co— predion, and co- 
p^cationtitroughgradi^ 
usingeyeast-basedgeru^^ 

|19B91;ChiEn8ffl / o ^- M »t. A ca j. Sd. USA. 88: 9576-9582 (19911) a, disdosed fay Chevr^f and Malhans. EcffiJ^ 
^AMm & 5789-5793 (1991). Many transcriptional activators, such as yeast GAL4. consist of two phyacaOy 
10 discrete modular domains, one acting as the DdlA-binrfing domam, the other one functioning as the transcrip^armattm 
domain The yeast expression system described m the foregoing pubbcations (generauy referred to as the "two-hyhnd 
sy «em1 takes advantage of «. property, and employ, two hybrid protem, one in which the target protein i, fused to 
the DNA-bindtog domain of GAL4, and another, in which candidate activating proteins are fused to the activation domam. 

The expression of a GAU-fccZ reporter gene under t ,«ro. of » GAl4-activated promoter depends on reconstftutron of 
15 GALAactivhyviapretem-proteininteraction. Colonies containing Mb polypeptides are detected with a chromogeruc 

substrate for -galactosidase. A complete kit (MATCHMAKER™) for identifying protein-protein interactions between two 

sp^cpmtefcusmgthetw^ 

tc.appr.temdonums^^ 

for these interactions. 

20 Compounds that interfere with the interaction of a gene encoding a CKEPO polypeptide rdentfied herem and 

other intra- or extracellular competent, can be te«ed » foOows: usually a reaction mixture » prepared 
preduct of titege^ and the mtra- or emcanrfar component un^^^ 
and binding of the two preducts. To test the abilty of a ^ 
eb^eendinthepruencaoftto™ 

25 asposfcve control Tim binding!^ 

^ in the nurture is morutored as described hereinabove. The formation of a complex in the control reactronU) but 

nntintheraactionntixturecon^ 

of the test compound and its reaction partner. 

To assay for antagonists, the CHEPQ polypeptide may be added to a cell along with the compound to be screened 
30 for a particular activity and the ability of the compound to udubrt the activity of interest m the presenco of the CHEPO 
polypeptideinolcatesthatthe compound-^ 

ducted by combining the CHEPO polypeptide end a potential antagonist with membrene^und CHEPO polypeptide 
^.m^^m^m^^***^^"*' The CHEPO polypeptide 

crcoelabeleisuchasbyred^^ 
35 teoeedtodetennmetheeffactivenessofthe^ The germ encotfmg the receptor can be identrfred by 
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Protocols in fmmun.. i(2t Chapter 5 (19911 Preferably, expression dontng is employed wherein polyadenylated RNA is 
prepared from a cefl responsive to the CHEPO polypeptide and a cONA Gbrary created from this RNA is divided into pools 
and used to transf ect COS cells or other cells that are not responsive to the CHEPO polypeptide. Transf ected cells that 
are grown on glass slides are exposed to labeled CHEPO polypeptide. The CHEPO polypeptide can be labeled fay a variety 
5 of means including iodination or inclusion of a recognition site for a site-specific protein kinase. Following fixation and 
incubation, the slides are subjected to autoradiographic analysts. Positive pools are identified and sub-pools are prepared 
and re- transf ected using an interactive sub-poofing and re-screening process, eventually yielcfing a single clone that encodes 
the putative receptor. 

As an alternative approach for receptor identification, labeled CHEPO polypeptide can be photoaffnuty-finked with 

10 ceQ membrane or extract preparations that express the receptor molecule. Cross-linked material is resolved by PAGE and 
exposed to X-ray film. The labeled complex containing the receptor can be excised, resolved into peptide fragments, and 
subjected to protein micro-sequencing. The amino acid sequence obtained from micro- sequencing would be used to design 
a set of degenerate oligonucleotide probes to screen a cONA library to identify the gene encoding the putative receptor. 
In another assay for antagonists, mammalian cells or a membrane preparation expressing the receptor would be 

15 incubated with labeled CHEPO polypeptide in the presence of the candidate compound. The ability of the compound to 
enhance or block this interaction could then be measured. 

More specific examples of potential antagonists include an oligonucleotide that binds to the fusions of 
immunoglobufin with CHEPO polypeptide, and, in particular, antibodies inclutfing, without limitation, poly- and monoclonal 
antibodies and antibody fragments, single-chain antibodies, anti-idiotypic antibodies, and chimeric or humanized versions 

20 of such antibotfies or fragments, as wefl as human antibodies and antibody fragments. Alternatively, a potential antagonist 
may be a closely related protein, for example, a mutated form of the CHEPO polypeptide that recognizes the receptor but 
imparts no effect, thereby competitively inhibiting the action of the CHEPO polypeptide. 

Another potential CHEPO polypeptide antagonist is an antisense RNA or DNA construct prepared using antisense 
technology, where, &£. an antisense RNA or ONA molecule acts to block directly the translation of mRNA by hybrioaing 

25 to targeted mRNA and preventing protein translation. Antisense technology can be used to control gene expression through 
triple-helix formation or antisense DNA or RNA, both of which methods are based on binding of a polynucleotide to ONA 
or RNA. For example, the 5* coifing portion of the polynucleotide sequence, which encodes the mature CHEPO polypeptides 
herein, is used to design an antisense RNA oligonucleotide of from about 10 to 40 base pairs in length. A DNA 
oligonucleotide is designed to be complementary to a region of the gene involved in transcription (triple heGx • see Lee et 

30 at NucL Acids Res., fi: 3073 (1979); Cooney etaL, Scienca 241: «6 (1988); Dervan et a/„ Science, 251: 1360 (1991)), 
thereby preventing transcription and the production of the CHEPO polypeptide. The antisense RNA oligonucleotide 
hybridizes to the mRNA in mo and blocks translation- of the mRNA molecule into the CHEPO polypeptide (antisense - 
Okano, Neurochenu §6: 560 11991b OBaodeoxvnucleotides as Antisense Inhibitors of Gene Expression (CRC Press: Boca 
Raton, FU 1988). The oligonucleotides described above can also be delivered to cells such that the antisense RNA or DNA 

35 may be expressed in mo to inhibit production of the CHEPO polypeptide. When antisense DNA is used. 
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oMeo^rmclaotidas derived from the ******* site. e«. between about -10 and ♦ 10 positions of the 
target gene nucleotide sequence, are preferred. 

Potential antagonists induce small molecules that bind to the active site, the receptor binding site, or growth 
factor or other relevant binding site of the CHEPO polypeptide thereby blocking the normal biological activity of the CHEPO 
polypeptide. Examples of small molecules include, but are not limited to. small peptides or peptide-Oke molecules, 
preferably soluble peptides, and synthetic non-pepudyl organic or inorganic compounds. 

RtoiynBsamenzymaticRIWm^ Ribozymes act by 

sequema-specific hybridization to fc«^l«tn«^«N« - -^ < ^ 

cleavage sites within a potential RNA target can be identified by known techniques. For further details sae. «#. Rossi. 

E^entjiokffly, 4: 469471 (1 994), and PCT publication No. WO 9713355 1 (published September 1 8. 19971. 

Nucleic acid molecules in tripleMx formation used to inhibit transcription should be single-stranded and 
composed of deoxynudeotide,. The base composition of these oligonudeotides is designed such that it promotes triple- 
hafix formation via Hoogsteen base-pairing rules, which generally require sizeable stratches of purines or pyrimidines on 
one strand of a duplex. For further detail, see. e.g.. PCT publication No. WO 97/33551 . supra. 

Thesesnudlmoleculescanbeidentifenlbyenyoneormoraofm^ 
by any other screening techniques well known for those skilled in the ert 

F. inti.r.HEPO Antibodies 
Tha present invention further provides anti-CHEPO antibodies. Exemplary antibodies mclude polyclonal 
monoclonal, humanized, bispedfie, and hateroconjugate antibodies. 



1. Polyclonal Antibodies 
The anti-CHEPO antibodies may comprise polydonal antibodies. Methods of preparing polyclonal antibodies are 
known to the skilled ertisan. Polyclonal antibodies can be raised ma mammal, for example. Infow or more tajecto 
25 m immunizing8BentMifdes»ed.anadimrant Typically, the immunizing agent and/or adjuvant wiO be injected m the 
mammal by multiple subcutaneous or intraperitoneal injections. The immunizing agent may induce the CHEPO polypeptide 
orafuaon protem thereof. It mey be useful to 

*, mammal being intmumzed. Example, of such immunogenic protein, include but are not limited to keyhole limpet 
hemocyenin. serum albumin, bovine thyroglobuBn. and soybean trypsin inhibitor. Examples of adjuvant, which may be 
employed include Freund 1 , complete adjuvant end MPL-TDM adjuvant Imonophosphoryl lipid A, synthetic trehalose 
dicorynomycolate). Ttoinmumizati^ 



30 



1 MnnnrJnnal Antibodies 

The anti-CHEPO antibodies may, alternatively, be monoclonal antibodies. Monodonal antibodies may be prepared 
35 ^hybridorea methods, such as tlu.se des^ Inahybridoma 
mB ,nod. a mouse, hamster, or other appropriate host animal is typically immunized with an immtmizing agent to elicit 
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lymphocyte, that produce or are capabla of producing entibodie, that will apecificaDy bind to the imn.mizino agent 
Alternatively, the lymphocytes may be immunized in vitrv. 

Tha immunizing «1 typically include tha CHEPO palypeptida or a fusion protein thareof. Generally either 
penpneraibloodrynrphocyte.rre^areoaedifceb 

uaad ,f „on*uman mammalian source, are desired. The lymphocytes are then teed with an in^ortafizad^Bna using 
. surtabte fusing agent, sod, as pdyethyiBne ghycol, «, f onn , hybridoma cel. fGodina, Monoclnn,. AntihnH,^ 
andPractia Academic Press. (1986) pp. 59-1031. Immortalized cell ones are usually transformed mammafian cells 
parfcularty myeloma celb of rodent bovine and human origin. Usuauy. rat or mou^ myeloma cefl fine, are employed. The 
hybrid^ceibmaybe^^ 

meBro^horau^alof^ 

guamna pho,phoribo,yl transferase (HGPRT or HPRT). the culture medium for the hybridomas typically wiD induda 
Im.oxantttne.ammopterin.andthymidm^ 

Pref erred immortalized cell lines are those that fuse efficiently, support stable high level expres^on of antibody 
by the selected antftody^ducina cell,, and are ^tive to a medium such as HAT medium. More preferred enmortafaed 
cell fines are murine myeloma lines, which can be obtained, for instance, from the Salk Institute CeO Distribution Center 
San Diego. California and the American Type Culture Collection. Mana„a,. Virginia. Human myeloma and mouse-human 
heteromyeloma cell fines abo have been described for the production of human monoclonal antibodies [Kozbor. J ImmunnL 
133:3001 (1984); Brodeur et at, Monoclonal Antibody Production T^hni^ ^ a^-. ^ ^ 
Vork, (1987) pp. 51-63). 

The cdturemedium in which ^^^^m^^tm^wmid^Uwmm^mmdmi 
antibodies doected against CHEPO. Preferably, the binding specificity of nnmocknd antibodie, produced by me hybridoma 
ceO, . determined by immunopreciphation or by an * rrtrv binding assay, such as radioimmunoassay (RIA) or enzyme- 
finked enmanoabsorhent assays Such techniques end assays are known in the art. The binding affinity of the 
monodond antibody can. for e,ample. be determined by the Scatchard andyds of Munson end PoDard. Anal. Biochen, . 
25 Jpi^20(1980). 

After the desired hybridoma ceUs are identified, the clone, may be subdoned by limiting dilution procedure, and 
grown by standard method, [Coding. ^ Suitable culture media for tfris purpose include, for esamp!, DuWs 
ModffiedEaWsMemumandRPMM^^ 
a mammal 

The monodond antiiodie, «creted by the ,ubdone, may be belated or purified from the culture medium er 
ascne, fluid by conventional immunoglobdin purification procedure, such as. for esample. protein A-Sepharose. 
MroiylajHtitecttr^ 

The monoclonal antibodies may also be made by recombinant ONA method,, sudi as those described in U S 
Patent No. 4,816,567. ONA encoding the monodonal antibodies of the invention can be readily isolated and sequenced 
uang conventional procedure, (e.g. by using ofigonudeotide probe, that are capable of binding .pacifically to gene, 
^**Hm*m+i n * m * m **m The hyfmdoma cdl, of the invention ^ a, a preferred «mrce 
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of such DNA. Once isolated, the DNA may be placed into expression vectors, which are then transfected into host ceils 
such as simian COS cells. Chinese hamster ovary (CHO) cells, or myeloma cells that do not otherwise produce 
immunoglobulin proton, to obtain the synthesis of monoclonal antibodies in the recombinant host cells. The DMA also may 
be modified, for example, by substituting the coding sequence for human heavy and fight chain constant domains in place 
of the homologous murine sequences (U.S. Patent No. 4,816,567; Morrison et al. r supra) or by covalently joining to the 
immunoglobulin coding sequence afl or part of the coding sequence for a non-immunoglobulin polypeptide. Such a non- 
immunoglobulin polypeptide can be substituted for the constant domains of an antibody of the invention, or can be 
substituted for the variable domains of one antigen-combining site of an antibody of the invention to create a chimeric 
bivalent antibody. 

The antibodies may be monovalent antibodies. Methods for preparing monovalent antibodies are well known in 
the art For example, one method involves recombinant expression of immunoglobulin light chain and modified heavy chain. 
The heavy chain is truncated generally at any point in the Fc region so as to prevent heavy chain crossfinking. 
Alternatively, the relevant cysteine residues are substituted with another amino acid residue or are deleted so as to prevent 
crossfinking. 

In vitro methods are also suitable for preparing monovalent antibodies. Digestion of antibodies to produce 
fragments thereof, particularly. Fab fragments, can be accomplished using routine techniques known in the art 

3. Human and Humanized Antibodies 
The anti-CHEPO antibodies of the invention may further comprise humanized antibodies or human antibodies. 

Humanized forms of non-human (04, murine) antibodies are chimeric immunoglobulins, immunoglobulin chains or fragments 
thereof (such as Fv, Fab, Fab\ RabT, or other antigen-binding subsequences of antibodies) which contain minimal sequence 
derived from non-human immunoglobulin. Humanized antibodies include human immunoglobulins (recipient antibody) in 
which residues from a complementary determining region (COR) of the recipient are replaced by residues from a COR of 
a non-human species (donor antftody) such as mouse, rat or rabbit having the desired specificity, affinity and capacity. 

In soma instances, Fv framework residues of the human immunoglobulin are replaced by corresponding non-human 
residues. Humanized antibodies may also comprise residues which are found natter in the recipient antibody nor in the 
imported COR or framework sequences. In general, the humanized antibody will comprise substantially all of at least one, 
and typically two, variable domains, in which afl or substantially all of the COR regions correspond to those of a non-human 
immunoglobulin and eO or substantially afl of the FR regions are those of a human immunoglobulin consensus sequence. 
The humanized ant&ody optimally also wffl comprise at least a portion of an immunoglobulin constant region (Fc), typically 
that of a human immunoglobulin (Jones et aL f Nature. 221:522-525 U986k Riechmann et aL, Nature. 332:323-329 
(1988); and Presta. Curr. Op. Struct. BioL. 2:593-598 (1992)1 

Methods for humanizing non-human antibodies are wefl known in the art Generally, a humanized antibody has 
one or more amino acid residues introduced into it from a source which is non-human. These non-human amino acid 
residues are often referred to as "import B residues, which are typically taken from an "import" variable domain. 
Humanization can be essentiaOy performed following the method of Winter and co-workers (Jones et aL, Nature. 321:522- 
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525 (1986k Riechmaroi et aL, Nature. 332:323-327 (19881; Verhoeyen et aL, Science. 239:1534-1536 (198811 by 
substituting rodent CDRs or COR sequences for the corresponding sequences of a human antibody. Accenfingry, such 
"humanized" antibodies are chimeric antibodies (U.S. Patent No. 4,816,567), wherein substantially less than an intact 
human variable domain has been substituted by the corresponding sequence from a non-human species. In practice, 
humanized antibodies are typically human antibodies in which some COR residues and possibly some FR residues are 
substituted by residues from analogous sites in rodent antibodies. 

Human antibodies can also be produced using various techniques known in the art, including phage display 
libraries (Hoogenboom and Winter, J. Mot Biol, 22Z:381 11991}; Marks et aL, J. Mol. BioL 222:581 (1991)]. The 
techniques of Cole et aL and Boemer et aL are also available for the preparation of human monoclonal antibodies (Cole et 
a, -» Monoclonal Antibodies and Cancer Therapy. Alan R. Uss. p. 77 (1 985) and Boerner et aL, J. Immunol.. 147(11 :86-95 
(1991)1. Similarly, human antibodies can be made by introducing of human immunoglobulin loci into transgenic animals, 
e.g., mice in which the endogenous immunoglobulin genes have been partially or completely inactivated. Upon challenge, 
human antibody production is observed, which closely resembles that seen in humans in ail respects, inducing gene 
rearrangement assembly, and antibody repertoire. This approach is described, for example, in U.S. Patent Nos. 5,545,807; 
5,545,806; 5.569,825; 5,625,126; 5,633,425; 5,661,016, and in the following scientific publications: Marks at a! v 
Bio/Technology Ig, 779-783(1992); Lonbergtfa/., Nature 368 856-859 (1994); Morrison, Nature 368, 812-13(1994); 
Fishwild et& Nature Biotechnology 14. 845-51 (1996); Neuberger, Nature Biotechnology 14. 826 (1996); Lonberg and 
Huszar. Intern. Rev. Immunol. 13 65-93 (1995). 

4. Bispecific Antibodies 

Btspecific antibodies are monoclonal preferably human or humanized, ant&odies that have binding specificities 
for at least two different antigens. In the present case, one of the binding specificities is for the CHEPO, the other one 
is for any other antigen, and preferably for a cell-surface protein or receptor or receptor subunit 

Methods for making btspecific antibodies are known in the art Traditionally, the recombinant production of 
bispecific antibodies is based on the co-expression of two immunoglobulin heavy-chain/fight-chain pairs, where the two 
heavy chains have different specificities [Mfetein and Cuefio, Nature. 305:537-539 (1983)1 Because of the random 
assortment of immunoglobulin heavy and fight chains, these hybridomas (quadromas) produce a potential mixture of ten 
Afferent antibody molecules, of which only one has the correct bispecific structure. The purification of the correct 
molecule is usually accomplished by affinity chromatography steps. Similar procedures are disclosed in WO 93/08829, 
published 13 May 1993, and in Traunecker et aL. EMBQ 1. Uk3655-3659 (1991). 

Antibody variable domains with the desired binding specificities (antibody-antigen combining sites) can be fused 
to enmunoglobufin constant domain sequences. The fusion preferably is with an immunoglobulin heavy-chain constant 
domain, comprising at least part of the hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant 
region (CHI) containing the site necessary for light-chain binding present in at least one of the fusions. DNAs encoding 
the immunoglobulin heavy-chain fusions and, if desired, the immunoglobulin fight chain, are inserted into separate 
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expression vectors, and are co-transfected into a suitable host organism. For further details of generating bispecific 
antibodies see, for example. Suresh et aL, Methods in Enzymnlogy . 121:210 (19B6). 

According to another approach deserted in WO 96/2701 1, the interface between a pair of antibody molecules 
can be engineered to maximize the percentage of heterodimers which are recovered from recombinant cell culture. The 
preferred interface comprises at least a part of the CH3 region of an antibody constant domain. In this method, one or 
more smaO ammo acid side chains from the interface of the first antibody molecule are replaced with larger side chains 
(e.g. tyrosine or tryptophan). Compensatory cavities of identical or similar size to the large side chatn(s) are created on 
the interface of the second antibody molecule by replacing large amino acid side chains with smaller ones (&g. alanine or 
threonine). This provides a mechanism for increasing the yield of the heterodimer over other unwanted end-products such 
as homodimers. 

Bispecific antibodies can be prepared as full length antibodies or antibody fragments (e.g. Flab ^ bispedfic 
anttedies). Techniques for generating bispecific antibodies from antibody fragments have been described in the Bteratura. 
For example, bispecific antibodies can be prepared can be prepared using chemical Gnkage. Brennan et ai.. Science 229:81 
(1985) describe a procedure wherein intact antibodies are proteolytic^ cleaved to generate Ftab ), fragments. These 
fragments are reduced in the presence of the dithiol complexing agent sodium arsenite to stabilize vicinal dithiols and 
prevent intermolecuiar disulfide formation. The Fab fragments generated are then converted to thionhrobenzoate (TNB) 
derivatives. One of the Fab -TNB derivatives is then reconverted to the Fab -thiol by reduction with mercaptoethytamine 
and is mixed with an equimolar amount of the other Fab -TNB derivative to form the bispecific antibody. The bispecific 
antibodies produced can be used as agents for the selective immobilization of enzymes. 

Fab fragments may be directly recovered from £ coB and chemically coupled to form bispecific ant&oifies. 
Shalaby et af., J, EWttygd. 175:217-225 (1992) describe the production of a fully humanized bispecific antibody Rab ), 
molecule. Each Fab fragment was separately secreted from £ «tf and subjected to directed chemical coupling in vitro 
to form the bispecific antibody. The bispecific antibody thus formed was able to bind to cells overexpressing the ErbB2 
receptor and normal human T cells, as weO as trigger the lytic activity of human cytotoxic lymphocytes against human 
breast tumor targets. 

Various technique for making and isolating bispecific anttedy fragments directly from recombinant cell culture 
have also been deserted. For example, bispecific antibodies have been produced using leucine zippers. Kostelny eteL, 
J. Immunol, 148(51:1547.1553 (1992). The leucine zipper peptides from the Fos and Jun proteins were inked to the Fab 
portions of two Afferent anttefies by gate fusion. The antibody homodimers were reduced at the hinge region to form 
monomers and then r*oxi<fized to form the anttedy heteroifimers. This method can also be utilized for the production of 
antibody homodimers. The diabody technology deserted by Hettinger etaL Proc Natl Acad. Sri. USA ZtMMULRMR 
(1993) has provided an alternative mechanism for making bispedfic antibody fragments. The fragments comprise a 
heavy-chain variable domain OU connected to a fight-chain variable domain (VJ by a linker which is too short to eQow 
pairing between the two domains on the same chain. Accordingly, the V M and V t domains of one fragment are forced to 
pair with the complementary V t and V„ domains of another fragment thereby forming two antigeitbinding sites. Another 
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strategy for making bispecrfic antibody fragments by the use of single-chain Fv (sFvj dimers has also been reported. See, 
Gruber et at., J. Immunol. 1 52:5368 (1 994). 

Antibodies with more than two valencies are contemplated. For example, trispecific antibodies can be prepared. Tutt et 
aL. l ImmunoL 147:60(19911 
5 Exemplary btspeciftc antibodies may bind to two different epitopes on a given CHEPO polypeptide herein. 

Alternatively, an antt-CHEPO polypeptide arm may be combined with an arm which binds to a triggering molecule on a 
leukocyte such as a T-cefl receptor molecule (e.g. CD2, C03, CD28, or B7) t or Fc receptors for IgG (Fc R), such as Fc Rl 
(CD64), Fc Rll (CD32) and Fc Rill (CD 16) so as to focus cellular defense mechanisms to the cell expressing the particular 
CHEPO polypeptide. Bispecif ic antibodies may also be used to localize cytotoxic agents to cells which express a particular 
10 CHEPO polypeptide. These antibodies possess a CHEPO-binding arm and an arm which binds a cytotoxic agent or a 
radionuclide chelator, such as EOTUBE, OPTA, OOTA, or TETA. Another bispecific antibody of interest binds the CHEPO 
polypeptide and further binds tissue factor (TF). 



5. Heteroconiuqate Antibodies 

15 Heteroconjugate antibodies are also within the scope of the present invention. Heteroconjugate antibodies are 

composed of two covalenth/ joined antibodies. Such antibodies have, for example, been proposed to target immune system 
cells to unwanted cells [U.S. Patent No. 4,676,9801 and for treatment of HIV infection (WO 91/00360; WO 92/200373; 
EP 03089]. It is contemplated that the antibodies may be prepared in vitro using known methods in synthetic protein 
chemistry, including those involving crosslinking agents. For example, immunotoxins may be constructed using a disulfide 

2 0 exchange reaction or by forming a thioether bond. Examples of suitable reagents for this purpose include kninothiolate and 
methyl4-mercaptobutyrimidate and those disclosed, for example, in U.S. Patent No. 4,676,980. 

6. Effector Function Engineering 

It may be desirable to modify the antibody of the invention with respect to effector function, so as to enhance, 

2 5 e.g., the effectiveness of the antibody in treating cancer. For example, cysteine residue(s) may be introduced into the Fc 

region, thereby allowing interchain disulfide bond formation in this region. The homotfimeric antibody thus generated may 
have improved internalization capabffity and/or increased complement-mediated ceO klfing and ant&ody-depanderrt cellular 
cytotoxicity (ADCC). See Caron et aL, J.Exp Med „ 17§: 1 19M 195 (1992) and Shopes, J. tmmunoL 148; 2918-2922 
(1992). Homoairneric antibodies with enhanced anti-tumor activity may also be prepared using heterobifunctional crass- 

3 0 linkers as described in Wolff et a/. Cancer Research. 53: 2560-2565 (1993). Alternatively, an antflwdy can be engineered 

that has dual Fc regions and may thereby have enhanced complement lysis and ADCC capabilities. See Stevenson et al„ 
Anti-Cancer Drug Design. 3: 219-230 (1989). 
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7. Immunoconiuoates 
The invention also pertains to immunoconjugates comprising an antibody conjugated to a cytotoxic agent such 
as a chemotherapeutic agent toxin fag., an enzymatically active toxin of bacterial, fungal, plant or animal origin, or 
fragments thereof), or a radioactive isotope (£&, a radioconjugate). 
5 Chemotherapeutic agents useful in the generation of such immunoconjugates have been deserved above. 

EnzymaticaOy active toxins and fragments thereof that can be used include Diphtheria A chain, nonhirafing active fragments 
of diphtheria toxin, exotoxin A chain (from Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain, 
alpha-sarctn, Afewites fonfa proteins, dianthin proteins, Phytolaca americana proteins (PAPI, PAPII, and PAP-SI momordica 
charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin, mitogelfin, restrictocin, phenomyctn, enomyrin, 

1 0 and the tricothecenes. A variety of radionuclides are available for the production of radioconjugated ant&ooles. Examples 
include 2,2 Bi, ,3, l, "^"Y, and ,a8 Re. 

Conjugates of the antibody and cytotoxic agent are made using a variety of Afunctional protein-coupfing agents 
such as N-succinimidyW2-pyridyldithiol) propionate (SPOP), iminothiolane (IT), bifunctional derivatives of imidoesters 
(such as dimethyl adipimidate HCL), active esters (such as disuccinimidyl suberate), aldehydes (such as glutarardehyde), 

15 bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as bis-(p- 
diazoniumbenzoyll-ethylenediamine), diisocyanates (such as tolyene 2,6diisocyanate), and bis-active fluorine compounds 
(such as 1,5-difluQro-2,4-dinitrobenzene). For example, a ricin immunotoxin can be prepared as described in Vhetta at aL, 
Science. 238 : 1098 (1987). Carbon- 14-labeled iHsothiocyanatobenzyHmethytdiethylene triaminepentaacetic acid (MX* 
OTPA) is an exemplary chelating agent for conjugation of radionuclide to the antibody. See W094/1 1 026. 

20 In another embodiment the antibody may be conjugated to a "receptor" (such streptavidm) far utilization in tumor 

pretargerjng wherein the antibody-receptor conjugate is administered to the patient followed by removal of unbound 
conjugate from the circulation using a clearing agent and then administration of a "ligand" (&#, avidin) that is conjugated 
to a cytotoxic agent la.g„ a radionucleotide). 

25 8. Imrmmofioosomes 

The antiiodtes disclosed herein may also be formulated as mmunofiposomes. Liposomes containing the ant&ody 
are prepared by methods known in the art such as deserted in Epstein etaL Proc Nati. Acad. ScL USA. 82: 3688 (1985); 
Hwang at aL, Proc Natl Acad. Set. USA. Th 4030 (1980); and U.S. Pat Nos. 4,485,045 and 4,544,545. Liposomes with 
enhanced circulation time are disclosed in U.S. Patent No. 5,013,555. 

3 0 Particularly useful fiposomes can be generated by the reverse-phase evaporation method with a EpM composition 

comprising phosphatidylcholine, cholesterol and PEG-derivatized phosphatiaylethanolanrine (PE6PE). Liposomes are 
extruded through filters of defined pore size to yield liposomes with the desired diameter. Fab' fragments of the antarady 
of the present invention can be conjugated to the liposomes as described in Martin at aU J. Biol Chenu 257 : 286-288 
(1982) via a tfisuffide-mterchange reaction. A chemotherapeutic agent (such as Doxorubicin) is optionally contained within 

35 the liposome. See Gabizon at aL, J. National Cancer Inst.. 81(19): 1484 (1989). 
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9. Pharmaceutical Compositions of Antibodies 
5 Antibodies specifically binding a CHEPO polypeptide identified herein, as well as other molecules identified by 

the screening assays disclosed hereinbefore, can be administered for the treatment of various disorders in the form of 
pharmaceutical compositions. 

If the CHEPO polypeptide is intracellular and whole antibodies are used as inhibitors, internalizing antibodies are 
preferred. However, lipofections or liposomes can also be used to deliver the antibody, or an antibody fragment into cells. 
1 0 Where antibody fragments are used, the smallest inhibitory fragment that specifically binds to the binding domain of the 
target protein is preferred. For example, based upon the variable-region sequences of an antibody, peptide molecules can 
be designed that retain the ability to bind the target protein sequence. Such peptides can be synthesized chemically and/or 
produced by recombinant DNA technology. See, e.g H Marasco et aL Proc. Natl. Acad. Sci. USA. 90: 7889-7893 
(1993). The formulation herein may also contain more than one active compound as necessary for the particular indication 
1 5 being treated, pref erabry those with complementary activities that do not adversely affect each other. Alternatively, or 
in addition, the composition may comprise an agent that enhances its function, such as, for example, a cytotoxic agent 
cytokine, chemotherapeutic agent, or growth-inhibitory agent Such molecules are suitably present in combination in 
amounts that are effective for the purpose intended. 

The active ingredients may also be entrapped in microcapsules prepared, for example, by coacervation techniques 
20 or by interf aria! polymerization, for example, hydroxymethylceflutosa or gelatinHnicrocapsuies and poly-frnethytmethacylate) 
microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes, albumin microspheres, 
rracroemuisions, nano-particles, andnanocapsules) or in macroemidsions. Such techniques are disclosed in Remington's 
Pharmaceutical Sciences, supra. 

The formulations to be used for in mo administration must be sterile. This is readily accompGshed by filtration 

2 5 through sterile filtration membranes. 

Sustained-release preparations may be prepared. Suitable examples of sustained-release preparations include 
semipermeable matrices of soOd hydrophobic polymers containing the antibody, which matrices are in the form of shaped 
articles, ig« ffims, or microcapsules. Examples of sustained-release matrices include polyesters, hydrogds (for example, 
pory(2-hydroxyetrryknethacrylate), or porylvmyMcohoQL pofylactJdes (U.S. Pat No. 3,773,919), copolymers of L-glutamic 
30 acid and ethyk-gtutamate, non-degradable ethytene-vinyi acetate, degradable lactic acid-gry coBc acid copolymers such 
as the LUPRON DEPOT m (injectable microspheres composed of lactic acid-gh/cofic acid copolymer and leuprofide acetate), 
and pory-0+)-3-hydroxybutyric acid. WhOa polymers such as ethylene-vinyl acetate and lactic acid-gh/cofic acid enable 
release of molecules for over 100 days, certain hydrogels release proteins for shorter time periods. When encapsulated 
antibodies remain in the body for a long time, they may denature or aggregate as a result of exposure to moisture at 37 C, 

3 5 resulting in a loss of biological activity and possible changes in kranunogenicity. Rational strategies can be devised for 

stabilization depending on the mechanism involved. For example, if the aggregation mechanism is discovered to be 
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intermolecular S-S bond formation through thto-dlsutfide interchange, stabflization may be achieved by modifying sulfhydryl 
residues, lyophiGzing from acidic solutions, controffing moisture content using appropriate additives, and developing specific 
polymer matrix compositions. 

G. Uses for anti-CHEPO Antibodies 
5 The anti-CHEPO antibodies of the invention have various utilities. For example, anti-CHEPO antibodies may be 

used in Diagnostic assays for CHEPO, &£, detecting its expression in specific cells, tissues, or serum. Various Diagnostic 
assay techniques known in the art may be used, such as competitive binding assays, direct or indirect sandwich assays 
and imrnwoprecipitation assays conducted in either heterogeneous or homogeneous phases [Zola, Monoclonal Antibodies: 
A Manual dTechmoues. CRC Press, Inc. (1 987) pp. 147-158]. The antibodies used in the diagnostic assays can be labeled 

10 with a detectable moiety. The detectable moiety should be capable of producing, either directly or indirectly, a detectable 
signal For example, the detectable moiety may be a radioisotope, such as 3 H, ,4 C, *P, *S, or m l, a fluorescent or 
chemiluminescent compound, such as fluorescein isothiocyanate, rhodamine, or luciferin, or an enzyme, such as alkaline 
phosphatase, beta-gatactosidase or horseradish peroxidase. Any method known in the art for conjugating the antibody 
to the detectable moiety may be employed, including those methods described by Hunter et aL, Nature. 144:945 (1962); 

1 5 David et aL, Biochemistry. J3:1014 (1974); Pain et aL, J. Immunol. Metfu 40:219 (1981); and Nygren, J. Histochem. and 
Cyjpcherjk^ 

Anti-CHEPO antibodies also are useful for the affinity purification of CHEPO from recombinant cell culture or 
natural sources. In this process, the antibodies against CHEPO are immobilized on a suitable support, such a Sephadex 
resin or filter paper, using methods well known In the art The immobilized antibody then is contacted with a sample 
20 containing the CHEPO to be purified, and thereafter the support is washed with a suitable solvent that wO remove 
substantially all the material in the sample except the CHEPO, which is bound to the immobilized antibody. Finally, the 
support is washed with another suitable solvent that wffl release the CHEPO from the antibody. 

The f oOowing examples are offered for illustrative purposes only, and are not intended to Emit the scope of the 
present invention in any way. 

25 AO patent and literature references cited in the present specification are hereby incorporated by reference in their 



EXAMPLES 

Commercially available reagents referred to in the examples were used according to manufacturer's instructions 
v 30 unless otherwise luficated. The source of those cells Rtenthled in the following examples, and throughout the specification, 
by ATCC accession numbers is the American Type Culture Collection, Manassas, VA. 
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EXAMPLE 1 
Isolation of Nucleic Acid Encoding CHEPO 
Genomic DNA was isolated from two chimpanzee cell Gnes (ATCC CRL1609 and CRL1857) using a Qiagen kit 
(cati 10262) as recommended by the manufacturer's instructions. The chimp Epo gene was then obtained on 3 separate 
5 fragments by PCR using 1 g of genomic DNA as template and the f oDowing primer pairs: 
EPO.R FACCGCGCCCCCTGGACAW (SEQ ID N0:12) 
EP0.INT1.R: S'CATCCACTTCTCCGGCCAAACTTCM' (SEQ 10 N(h13) 



EP0.1NT1F : 5'-TTTGGCCGGAGAAGTGGATGC-3' (SEQ ID N0:14) 
10 EPQ.1NT4R : 5^TCACTCACTCACTCATTCAnCAnCATTCA-3' (SEQ ID NQ:15) 

EPD.INT4F: 5'-GTT6AATGAATGATTGAATGAATGA6TGA-3' (SEQ ID N0:16) 
EPO.R : 5* GCACTGGAGTGTCCATGGGACAG-3 1 (SEQ ID N0:1 7) 



15 Each PCR reaction contained 5 1 of 1 0x PCR Buffer (Perkin Elmer), 1 1 dNTP (20mM), 1 g genomic DNA, 1 I of 

each primer, 1 1 of Taq polymerase (Ctontech) and HJQ to bring the total volume to 50 1. The reaction was first denatured 
for 4 mm. at 94 C then amplified for 40 cycles of 1 mia at 94 C, 1 mia at 65 C or 66 C then extended for 1 min. at 72 C. 
A last extension step of 5 min. at 72 C was performed. The reaction was then analyzed on agarose gel. PCR product of 
500bp, 1 200bp and 750bp were observed for each PCR product respectively. The PCR reactions were then purified using 

20 a Wizard kit (Promega cat 8 A71 70) then directly sequenced. DNA sequencing of the PCR products was done using an 
Applied Biosystems 377 DNA Sequencer (PEJApplied Biosystems, Foster City, CA). The chemistry used was DYE 
Terminator Cycle Sequencing with dRhodamine and BIG DYE terminators (PE/AppSed Biosystems, Foster City, CA). 
Sequence assembly and editing done with Sequencher software (Gene Codes, Ann Arbor, Ml). 

The 5 codmg exons were identified by homology with the human erythropoietin sequence and assembled into a 

2 5 predicted fid length cDNA. The coding region of CHEPO cDNA is 579 nucleotides long (Figure 1) and encodes a predicted 

protein of 193 amino acids (Figure 21 There are 3 putative signal cleavage sites predicted after amino acid residue 22, 24 
and 27. In accordance with the N-terminus of human Epo, the latest one is likely to correspond to the cleavage she for 
chimp Epo. The hydrophobic 27 ammo add signal peptide is followed by a 166 amino acid long mature protein containing 
3 potential N-grycosytation sites. A single nucleotide polymorphism is present in the predicted sequence obtained from 

3 0 CRL1609 and changes the protein sequence at amino acid position 142 from a Q to a K. Alignment of the chimp Epo protein 

with the human sequence indicates a single change at amino acid position 84 (Figure 3). 

EXAMPLE 2 
Use of CHEPO cDNA as a hybridization probe 
35 The following method describes use of a nucleotide sequence encoding CHEPO as a hybridization probe. 
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DNA comprising the coding sequence of full-length or mature CHEPO (as shown in Figure 2. SEQ ID N(h3) is 
employed as a probe to screen for homologous DNAs (such as those encoding naturally-occurring variants of CHEPO) in 
human tissue cDNA libraries or human tissue genomic libraries. 

Hybridization and washing of filters containing either library DNAs is performed under the following high 
5 stringency conditions. Hybridization of radiolabeled CHEPO-daived probe to the fflters is performed in a solution of 50% 
formamide, 5x SSC, 0.1% SDS, 0.1% sodium pyrophosphate, 50 mM sodium phosphate, pH 6.8, 2x Denhardt's solution, 
and 10% dextran sulfate at 42*C for 20 hours. Washing of the filters is performed in an aqueous solution of 0.1x SSC and 
0.1% SDS at 42 a C. 

ONAs having a desired sequence identity with the ONA encoding full-length native sequence CHEPO can then be 
1 0 identified using standard techniques known in the art 

EXAMPLE 3 
Expression of CHEPO m £ coff 
This example Olustrates preparation of an unglycosylated form of CHEPO by recombinant expression in £ col 
15 The ON A sequence encoding CHEPO (SEQ ID N0:3) is initially amplified using selected PCR primers. The primers 

should contain restriction enzyme sites which correspond to the restriction enzyme sites on the selected expression vector. 
A variety of expression vectors may be employed. An example of a suitable vector is p6R322 (derived from £ colt, see 
Bolivar et al.. Gene. 2:95 (1977)} which contains genes for ampicillin and tetracycline resistance. The vector is digested 
with restriction enzyme and dephosphorytated. The PCR amplified sequences are then Bgated into the vector. The vector 
20 will preferably include sequences which encode for an antibiotic resistance gene, a trp promoter, a polyhis leader (including 
the first six STII codons, polyhis sequence, and enterokinase cleavage she), the CHEPO coding region, lambda 
transcriptional terminator, and an argil gene. 

The ligation mixture is then used to transform a selected £ caff strain using the methods described in Sambrook 
et aL, suora Transf ormants are identtf ted by their ability to grow on LB plates and antibiotic resistant colonies are then 

2 5 selected. Plasmid DNA can be isolated and confirmed by restriction analysis and DNA sequencing. 

Selected clones can be grown overnight in liquid culture medium such as LB broth supplemented with antibiotics. 
The overnight culture may subsequently be used to inoculate a larger scale culture. The ceils are then grown to a desired 
optical density, during which the expression promoter b turned on. 

After ctdturing the cells for several more hours, the cells can be harvested by centrif ugation. The cell peOet 

3 0 obtained by the centrif ugation can be solubffized using various agents known in the art, and the solubiBzed CHEPO protein 

can then be purified using a metal chelating column under conditions that allow tight binding of the protein. 

CHEPO may be expressed in £ coSm a poly-His tagged form, using the following procedure. The DNA encoding 
CHEPO is initially amplified using selected PCR primers. The primers wi contain restriction enzyme sites which correspond 
to the restriction enzyme sites on the selected expression vector, and other useful sequences providing for efficient and 
3 5 reliable translation initiation, rapid purification on a metal chelation column, and proteolytic removal with enterokinase. 
The PCR-ampGfted, poly-His tagged sequences are then igated into an expression vector, which is used to transform an 
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£ cMhost based on strain 52 (W31 10 fuhA(tonA) Ion galE rpoHts(htpRts) clpPflaclq). Transformants are first grown in 
LB containing 50 mgfmi carbemcQfin at 30 C with shaking until an 0 J).60O of 3-5 is reached. Cultures are then dfluted 
50*100 fold into CRAP metfia (prepared by mixing 3.57 g (NHJ^SO* 0.71 g sodium citrate 2H20, 1.07 g KCl 5.36 g Difco 
yeast extract 5.36 g Sheffield hycase SF in 500 ml water, as well as 110 mM MPOS, pH 7.3, 0.55% (w/v) glucose and 
5 7 mM MgSOJ and grown for approximately 20-30 hours at 30 C with shaking. Samples are removed to verify expression 
by SDS-PAGE analysis, and the bulk culture is centrrfuged to pellet the cells. Cell pellets are frozen until purification and 
refolding. 

£ eoS paste from 0.5 to 1 L fermentations (6-10 g pellets) is resuspended in 10 volumes (w/v) in 7 M guanidine, 
20 mM Tris, pH 8 buffer. Solid sodium sulfite and sodium tetrathionate is added to make final concentrations of 0.1 M 

1 0 and 0.02 M, respectively, and the solution is stirred overnight at 4 C. This step results in a denatured protein with all 
cysteine residues blocked by sulfitofcation. The solution is centrif uged at 40,000 rpm in a Beckman Ultracentif uge for 30 
min. The supernatant is diluted with 3-5 volumes of metal chelate column buffer (6 M guanidine, 20 mM Tris, pH 7.4) and 
filtered through 0.22 micron filters to clarify. The clarified extract is loaded onto a 5 ml Qiagen Ni-NTA metal chelate 
column equilibrated in the metal chelate column buffer. The column is washed with additional buffer containing 50 mM 

1 5 imidazole (Calinochem, Utroi grade), pH 7.4. The protein is eluted with buffer containing 250 mM imidazole: Fractions 
containing the desired protein are pooled and stored at 4 C. Protein concentration is estimated by its absorbance at 280 
nm using the calculated extinction coefficient based on its amino acid sequence. 

The proteins are refolded by diluting the sample slowly into freshly prepared refolding buffer consisting of: 20 
mMTris,pH8.6, 0.3 M NaCI, 15 M urea, 5 mM cysteine, 20 mM glycine and 1 mM EDTA. Refolding volumes are chosen 

20 so that the final protein concentration is between 50 to 1 00 micrograms/ml. The refolding solution is stirred gently at 4 C 
for 12-36 hours. The refolding reaction is quenched by the addition of TFA to a final concentration of 0.4% (pH of 
approximately 3). Before further purification of the protein, the solution is filtered through a 0.22 micron filter and 
acetonitrile is added to 2-10% final concentration. The refolded protein is chromatographed on a Poros R1/H reversed 
phase column using a mobile buffer of 0.1 % TFA with elution with a gradient of acetonitrile from 1 0 to 80%. Aliquots 

25 of fractions with A280 absorbance are analyzed on SOS polyacrylamide gels and fractions containing homogeneous 
refolded protein are pooled. Generally, the properly refolded species of most proteins are eluted at the lowest 
concentrations of acetonitrile since those species are the most compact with their hydrophobic interiors shielded from 
interaction with the reversed phase resin. Aggregated spades are usually eluted at higher acetonitrile concentrations, in 
addition to resolving misf oided forms of proteins from the desired form, the reversed phase step also removes endotoxin 

3 0 from the samples. 

Fractions containing the desired folded CKEPO polypeptide are pooled and the acetonitrile removed using a gentle 
stream of nitrogen directed at the solution. Proteins ere formulated into 20 mM Hepes, pH 6.8 with 0.14 M sodium 
chloride and 4% mannitol by dialysis or by gel filtration using 625 Superfine (Pharmacia) resins equilibrated in the 
formulation buffer and sterfle filtered. 

35 
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EXAMPLE 4 
Expression of CHEPO in mammalian cells 
This example illustrates preparation of a potentially glycosylated form of CHEPO by recombinant expression in 
mammalian cells. 

5 The vector, pRK5 (see EP 307.247, published March 15, 1969), is employed as the expression vector. 

Optionally, the CHEPO ONA is ligated into pRK5 with selected restriction enzymes to allow insertion of the CHEPO ONA 
using ligation methods such as described in Sambrook et al., supra. The resulting vector is called pRKS-CHEPO. 

In one embodiment, the selected host cells may be 293 ceils. Human 293 cells (ATCC CCL 1 573) are grown to 
confluence in tissue culture plates in medium such as DMEM supplemented with fetal calf serum and optionally, nutrient 

1 0 components and/or antibiotics. About 10 g pRK5-CHEP0 ONA is mixed with about 1 g ONA encoding the VA RNA gene 
[Thimmappay a et aL, Cell, 31:543 (1 982)1 and dissolved in 500 I of 1 mM Tris-HCI, 0.1 mM EDTA, 0.227 M CaC^ To 
this mixture is added, dropwise, 500 I of 50 mM HEPES (pH 7.35), 280 mM NaCI, 1.5 mM NaPO v and a precipitate is 
allowed to form for 10 minutes at 25 # C. The precipitate is suspended and added to the 293 cells and allowed to settle 
for about four hours at 37*C. The culture medium is aspirated off and 2 ml of 20% glycerol in PBS is added for 30 

15 seconds. The 293 cells are then washed with serum free medium, fresh medium is added and the cells are incubated for 
about 5 days. 

Approximately 24 hours after the transf ections, the culture medium is removed and replaced with culture medium 
(alone) or culture medium containing 200 Ciiml ^S-cysteme and 200 Ci/ml ^-methionine. After a 12 hour incubation, 
the conditioned medium is collected, concentrated on a spin filter, and loaded onto a 15% SOS geL The processed gel may 
20 be dried and exposed to fflm f or a selected period of time to reveal the presence of CHEPO polypeptide. The cultures 
containing transf ected cells may undergo further incubation (in serum free medium) end the medium is tested in selected 
bioassays. 

In an alternative technique, CHEPO may be introduced into 293 cells transiently using the dextran sulfate method 
described by Somparyrac et aL, Proc. Natl. Acad. Set 12:7575 (1 981). 293 cells are grown to maximal density in a 

25 spinner flask and 700 g pRKS-CHEPO ONA is added. The cells are first concentrated from the spinner flask by 
centrifugation and washed with PBS. The ON A-dextran precipitate b incubated on the ceO pellet for four hours. The ceDs 
are treated with 20% glycerol for 90 seconds, washed with tissue culture medium, and reintroduced into the spinner flask 
containing tissue culture medium, 5 g/ml bovine insulin and 0.1 g/ml bovine transferrin. After about four days, the 
conditioned media is centrifuged end fDtffed to remove cells and debris. The sample containing expressed CHEPO can then 

30 be concentrated and purified by any selected method, such as dialysis andfor column chromatography. 

In another embodiment, CHEPO can be expressed in CHO cells. The pRK5-CHEP0 can be transfected into CHO 
cells using known reagents such as CaP0 4 or OEAE-dextran. As described above, the cefl cultures can be incubated, and 
the medium replaced with culture medium (alone) or medium containing a radiolabel such as 'Methionine. After 
determining the presence of CHEPO polypeptide, the culture medium may be replaced with serum free medium. Preferably, 

35 the culttffes are incubated for about 6 days, and then the conditioned medium is harvested. The medium containing the 
expressed CHEPO can then be concentrated and purified by any selected method. 
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Epttope-tagged CHEPO may also be expressed in host CHO ceils. The CHEPO may be subctoned out of the pRK5 
vector. The subclone insert can undergo PCR to fuse in frame with a selected epitope tag such as a pory-his tag into a 
Baculovirus expression vector. The poly-his tagged CHEPO insert can then be subcloned into a SV40 driven vector 
containing a selection marker such as OHFR for selection of stable clones. Finally, the CHO cells can be transf ected (as 
5 described above) with the SV40 driven vector. Labeling may be performed as described above, to verify expression. The 
culture medium containing the expressed poly-His tagged CHEPO can then be concentrated and purified by any selected 
method, such as by NP'-chelate affinity chromatography. 

CHEPO may also be expressed in CHO and/or COS cells by a transient expression procedure or in CHO cells by 
another stable expression procedure. 
1 0 Stable expression in CHO cells is performed using the fallowing procedure. The proteins are expressed as an IgG 

construct ftmmunoadhesin), in which the coding sequences for the soluble forms (e.g. extracellular domains) of the 
respective proteins are fused to an IgGI constant region sequence containing the hinge, CH2 and CH2 domains and/or is 
a poly-His tagged form. 

Following PCR amplification, the respective DNAs are subctoned in a CHO expression vector using standard 
1 5 techniques as described in Ausubet et al., Current Protocols of Molecular Biology. Unit 3,1 6, John Wiley and Sons (1 997). 
CHO expression vectors are constructed to have compatible restriction sites 5 and 3 of the ONA of interest to allow the 
convenient shuttling of cONA s. The vector used expression in CHO cefis is as described in Lucas et al., Nud. Acids Res. 
24:9 (1774-1779 (1996), and uses the SV40 early promoter/enhancer to drive expression of the cDNA of interest and 
dftydrof olate reductase (DHFR). OHFR expression permits selection for stable maintenance of the plasmid following 
20 transf ectron. 

Twelve micrograms of the desired plasmid DNA is introduced into approximately 10 million CHO cells using 
commercially available transf ection reagents Superfect (Quiagen), Oosper or Fugene (Boehringer Mannheim). The cells 
are grown as described in Lucas et al., supra. Approximately 3 x 10* 7 cells are frozen in an ampule for further growth and 
production as described below. 

25 The ampules containing the plasmid DNA are thawed by placement into water bath and mixed by vortexing. The 

contents are pipetted into a centrifuge tube containing 10 mLs of media and centrifuged at 1000 rpm for 5 minutes. The 
supernatant is aspirated and the cells are resuspended in 10 mL of selective media (02 m filtered PS20 with 5% 02 m 
diafQtered fetal bovine serum). The cells are then eBquoted into a 100 mL spinner containing 90 mL of selective media. 
After 1-2 days, the eels are transferred into a 250 mL spsuw filled with 150 mL selective growth medium and incubated 

30 at 37*C. After another 2-3 days, 250 mL, 500 mL and 2000 mL spirmers are seeded with 3 x 1 (r 6 ceUs/mL TheceD media 
is exchanged with fresh media by centrifugation and resuspension in production medium. Although any suitable CHO media 
may be employed, a production medium described in U.S. Patent No. 5,1 22,469, issued June 16, 1992 may actually be 
used. A 3L production spinner is seeded at \2 1 10 6 ceUs/mL On day 0, ttra ceD rumtber pH ie determined. On day 1, the 
spinner is sampled and sparging with filtered air is commenced. On day. 2, the spirater is sampled, the temperature shifted 

35 to 33*C, and 30 mL of 500 g/L glucose and 0.6 mL of 10% antrfoam (e^., 35% porydimethylsfloxane emulsion, Oow 
Corning 365 Medical Grade Emulsion) taken. Throughout the production, the pH is adjusted as necessary to keep it at 
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around 7.2. After 10 days, or until the viabSity dropped below 70%, the cell culture is harvested by centrif ligation and 
filtering through a 022 m titer. The filtrate was ether stared at 4*C or immeiately loaded onto columns for purification. 

For the pofy-His tagged constructs, the proteins are purified using a NhNTA column (Qiagen). Before purification, 
imidazole is added to the conditioned media to a concentration of 5 mM. The conditioned media is pumped onto a 6 ml Ni- 
5 NTA column equilibrated in 20 mM Hepes, pH 7.4, buffer containing 0.3 M NaCI and 5 mM imidazole at a flow rate of 4-5 
ml/min. at 4 f C. After loading, the column is washed with additional equilibration buffer and the protein eluted with 
equilibration buffer containing 0.25 M imidazole. The highly purified protein is subsequently desalted into a storage buffer 
containing 10 mM Hepes, 0.14 M NaCI and 4% maraiHot, pH 6.8, with a 25 ml G25 Superfine (Pharmacia) column and 
stored at -80T. 

10 immunoadhesin (Fc-containing) constructs are purified from the conditioned media as follows. The conditioned 

medium is pumped onto a 5 ml Protein A column (Pharmacia) which had been equilibrated in 20 mM Na phosphate buffer, 
pH 6.8. After loading, the column is washed extensively with equilibration buffer before elution with 1 00 mM citric acid, 
pH 3.5. The eluted protein is immediately neutrafiied by collecting 1 ml fractions into tubes containing 275 L of 1 M Tris 
buffer, pH 9. The highly purified protein is subsequently desalted into storage buffer as described above for the poly-His 

15 tagged proteins. The homogeneity is assessed by SDS polyacrylamide gels and by N-terminal amino acid sequencing by 
Edman degradation, 

EXAMPLE 5 
Expression of CHEPOm Yeast 
20 The f oflowing method describes recombinant expression of CHEPO in yeast 

First, yeast expression vectors are constructed for intracellular production or secretion of CHEPO from the 
ADH2/GAPDH promoter. DNA encoding CHEPO and the promoter is inserted into suitable restriction enzyme sites m the 
selected plasmid to direct intracellular expression of CHEPO. For secretion, DNA encoding CHEPO can be cloned into the 
selected plasmid, together with DNA encoding the A0H2/GAPDH promoter, a native CHEPO signal peptide or other 

2 5 mammalian signal peptide, or, for example, a yeast alpha-factor or invertase secretory signal/leader sequence, and finker 

sequences Of needed) for expression of CHEPO. 

Yeast cells, such as yeast strain AB1 10, can then be transformed with the expression plasmids described above 
and cultured in selected fermentation media. Tte transformed yeast supernatant* can be analyzed by precipitation with 
10% trichloroacetic acid and separation by SOS-PAGE, followed by staining of the gels with Coomassie Blue stain. 

3 0 Recombinant CHEPO can subsequently be isolated and purified by removing the yeast cods from the fermentation 

medium by centrifugation and then concentrating the medium using selected cartridge filters. The concentrate containing 
CHEPO may further be purified using selected column chromatography resins. 

EXAMPLE 6 

35 Expression of CHEPO in Bacirioviros-lnfected Insect Cells 

The f oflowing method descries recombinant expression of CHEPO in Baculovirus-inf ected insect cells. 
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The sequence coding for CHEPO is fused upstream of an epitope tag contained within a bacuiovirus expression 
vector. Such epitope tags ndude poh/*ha tags and imnumoglobufin tags dike Fc regions of igGL A variety of piasmids may 
be employed, including piasmids derived from commercially available piasmids such as pVL1393 (Novagen). Briefly, the 
sequence encoding CHEPO or the desired portion of the coding sequence of CHEPO such as the sequence encoding the 
extracellular domain of a transmembrane protein or the sequence encoding the mature protein if the proton is extracellular 
is amplified by PCR with primers complementary to the 5* and 3* regions. The 5* primer may incorporate flanking (selected) 
restriction enzyme sites. The product is then digested with those selected restriction enzymes and subcloned into the 
expression vector. 

Recombinant bacuiovirus is generated by co-transfecting the above plasmid and BaculoGold™ vims DNA 
(Pharmingen) into Spodoptera frugiperda ("Sfg") ceils (ATCC CRL 1711) using lipofectin (commercially available from 
GIBCO-BRU After 4 - 5 days of incubation at 28*C, the released viruses are harvested and used for further amplications. 
Viral infection and protein expression are performed as described by O'Reilley at a!., Bacuiovirus expression vectors: A 
Laboratory Manual. Oxford: Oxford University Press (1994). 

Expressed pofy-his tagged CHEPO can then be purified, for example, by Nr 3 * -chelate affinity chromatography as 
follows. Extracts are prepared from recombinant virus-infected Sf9 cells as described by Rupert et aL, Nature. 362:175- 
179 (1993). Briefly, Sf9 cells are washed, resuspended in sonication buffer (25 mL Hepes, pH 7.9; 115 mM Mgty; 0.1 
mM EDTA; 10% glycerol,* 0.1% NP40; 0.4 M KCD, and sonicated twice for 20 seconds on ice. The sonicates are cleared 
by centrifugation, and the supernatant is diluted 50-fold in loading buffer (50 mM phosphate, 300 mM NaCI 10% glycerol, 
pH 7.8) and filtered through a 0.45 m filter. A tf'-NTA agarose column (commercially avaMIa from Qiagen) is prepared 
with a bed volume of 5 ml washed with 25 ml of water and equilibrated with 25 ml of loading buffer. The filtered cell 
extract is loaded onto the column at 0.5 ml per minute. The column is washed to basefine A^ with loaning buffer, at 
which point fraction collection is started. Next, the column is washed with a secondary wash buffer (50 mM phosphate; 
300 mM NaCI, 10% glycerol pH 6.0), which elutes nonspecitlcally bound protein. After reaching A^ baseline again, the 
column is developed with a 0 to 500 mM Imidazole gradient in the secondary wart buffer. One ml fractions are collected 
and analyzed by SOS-PAGE and silver staining or Western blot with Ni 2 *-rTTA-conjugated to alkafine phosphatase (QiagenL 
Fractions containing the etuted His 10 -tagged CHEPO are pooled and analyzed against loading buffer. 

Alternatively, purification of the fgG tagged (or Fc tagged) CHEPO can be performed using known chromatography 
techniques, including for instance, Protein A or protein 6 column chromatography. 

EXAMPLE 7 
Preparation of Antibodies that Bind CHEPO 
This example illustrates preparation of monoclonal antibodies which can specifically bind CHEPO. 
Techniques for producing the monoclonal antibodies are known in the art and are described, for Distance, in 
Goding, supra. Immunogens that may be employed include purified CHEPO, fusion proteins containing CHEPO, and ceils 
expressing recombinant CHEPO on the cefl surface. Selection of the immunogen can be made by the skied artisan without 
undue experimentation. 
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Mice, such as Baib/c, are immunized with the CHEPO immunogen emulsified in complete Freund's adjuvant and 
injected subcutaneousiy or intraperitoneally in an amount from MOO micrograms. Alternatively, the immunogen is 
emulsified in MPLTOM adjuvant (Rib) Immunochemical Research, Hamilton, MT) and injected into the animal's hind foot 
pads. The immunized mice are then boosted 10 to 12 days later with additional immunogen emulsified in the selected 
adjuvant Thereafter, for several weeks, the mice may also be boosted with additional immunization injections. Serum 
samples may be periodcally obtained from the mice by retro-orbital bleeding for testing in EUSA assays to detect anti- 
CHEPO antibodies. 

After a suitable antibody titer has been detected, the animals "positive" for antibodies can be injected with a 
final intravenous injection of CHEPO. Three to four days later, the mice are sacrificed and the spleen cells are harvested. 
The spleen cells are then fused (using 35% polyethylene glycol) to a selected murine myeloma cell tine such as 
P3X63AgU.1 r available from ATCC, No. CRL 1 597. The fusions generate hybridoma cells which can then be plated in 96 
wed tissue culture plates containing HAT (hypoxanthine, aminopterin, and thymidine) meifium to inhbit profiferation of non- 
fused ceils, myeloma hybrids, and spleen cell hybrids. 

The hybridoma cells wiO be screened in an EUSA for reactivity against CHEPO. Determination of "positive" 
hybridoma cefls secreting the desired monoclonal antibodies against CHEPO is within the skill in the art 

The positive hybridoma cells can be injected intraperitoneally into syngeneic Balbfc mice to produce ascites 
containing the anti-CHEPO monoclonal antibodies. Alternatively, the hybridoma cells can be grown in tissue culture flasks 
or roller bottles. Purification of the monoclonal antibodies produced in the ascites can be accomplished using ammonium 
sulfate precipitation, followed by gel exclusion chromatography. Alternatively, affinity chromatography based upon binning 
of antibody to protein A or protein 6 can be employed 

EXAMPLE 8 

Purification of CHEPO Polypeptides Using Specific Antibodies 
Native or recombinant CHEPO polypeptides may be purified by a variety of standard techniques in the art of 
protein purification. For example, pro-CHEPO polypeptide, mature CHEPO polypeptide, or pre-CHEPO polypeptide is purified 
by imrmmoaffimty chromatography using antibodies specific for the CHEPO polypeptide of interest In general an 
immunoaffinity column is constructed by covalentJy coupling the anti-CHEPO polypeptide antibody to an activated 
chromatographic resin. 

Polyclonal immunoglobulins are prepared from immune sera other by precipitation with ammonium sulfate or by 
purification on immobilized Protein A (Pharmacia LKB Biotechnology, Piscataway, NJ.I. Ucewise, monoclonal antibodies 
are prepared from mouse ascites fluid by ammonium sulfate precipitation or chromatography on immobilized Protein A. 
Partially purified enmunogfobufin is covalently attached to a chromatographic resin such as CnBr-activated SEPHARQSE™ 
(Pharmacia 1KB Biotechnology). The antibody is coupled to the resin, the resin is blocked and the derivative resin is 
washed according to the manufacturer's instructions. 

Such an immunoaffinity column is utilized in the purification of CHEPO polypeptide by preparing a fraction from 
cells containing CHEPO polypeptide in a soluble form. This preparation is derived by solubilization of the whole cell or of 
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a subcellular fraction obtained via differential centrif ligation by the addition of detergent or by other methods weO known 
in the art Alternatively, soluble CHEPO polypeptide containing a signal sequence may be secreted in useful quantity into 
the medium in which the cells are grown. 

A soluble CHEPO polypeptidfrcontatning preparation is passed over the immunoaffinity column, and the column 
5 is washed under conditions that allow the preferential absoibance of CHEPO polypeptide high ionic strength buffers 
in the presence of detergent). Then, the column is elated under conditions that disrupt ant&ody/CHEPO polypeptide binding 
(&£, a low pH buffer such as approximately pH 2-3, or a high concentration of a chaotrope such as urea or thiocyanate 
ion), and CHEPO polypeptide is collected. 

10 EXAMPLE 9 

Drug Screening 

This invention is particularly useful for screening compounds by using CHEPO polypeptides or binding fragment 
thereof in any of a variety of drug screening techniques. The CHEPO polypeptide or fragment employed in such a test may 
either be free in solution, affixed to a solid support borne on a cefl surface, or located intracellularly. Ona method of drug 

15 screening utilizes eukaryotic or prokaryotic host cells which are stably transformed with recombinant nucleic acids 
expressing the CHEPO polypeptide or fragment Drugs are screened against such transformed cells in competitive binding 
assays. Such cells, either in viable or fixed form, can be used for standard binding assays. One may measure, for example; 
the formation of complexes between CHEPO polypeptide or a fragment and the agent being tested. Alternatively, one can 
examine the diminution in complex formation between the CHEPO polypeptide and its target cell or target receptors caused 

20 by the agent being tested. 

Thus, the present invention provides methods of screening for drugs or any other agents which can affect a 
CHEPO polypeptide-associated disease or disorder. These methods comprise contacting such an agent with an CHEPO 
polypeptide or fragment thereof and assaying (I) for the presence of a complex between the agent and the CHEPO 
polypeptide or fragment or (ii) for the presence of a complex between the CHEPO polypeptide or fragment and the cefl, 

25 by methods well known in the art In such competitive binding assays, the CHEPO polypeptide or fragment is typically 
labeled. After suitable incubation, free CHEPO polypeptide or fragment is separated from that present in bound form, and 
the amount of free or uncomplexed label is a measure of the ability of the particular agent to bind to CHEPO polypeptide 
or to interfere with the CHEPO poiypeprjde/cei! complex. 

Another technique for drug screening provides high throughput screening for compounds having suitable binding 

3 0 affinity to a polypeptide and is descr&ed in detail in WO 84/03564, published on September 1 3, 1 984. Briefly stated, large 
numbers of different small peptide test compounds are synthesized on a solid substrate, such as plastic pins or some other 
surface. As appGed to a CHEPO polypeptide, the peptide test compounds are reacted with CHEPO polypeptide and washed 
Bound CHEPO polypeptide is detected by methods well known in the art Purified CHEPO polypeptide can also be coated 
directly onto plates for use in the aforementioned drug screening techniques, tn addition, non-neutralizing antibodies can 

35 be used to capture the peptide and immobffize it on the solid support 
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This invention also contemplates the use of competitive drug screening assays in which neutralizing antibodies 
capable of binding CHEPO polypeptide specifically compete with a test compound for bimfing to CHEPO polypeptide or 
fragments thereof. In this manner, the antibodies can be used to detect the presence of any peptide which shares one or 
more antigenic determinants with CHEPO polypeptide. 

5 

EXAMPLE 10 
Rational Drug Design 

The goal of rational drug design is to produce structural analogs of biologically active polypeptide of interest lie., 
a CHEPO polypeptide) or of small molecules with which they interact, e.g., agonists, antagonists, or inhfoitors. Any of 

10 these examples can be used to fashion drugs which are more active or stable forms of the CHEPO polypeptide or which 
enhance or interfere with the function of the CHEPO polypeptide m mo tc./„ Hodgson, BiofTechnoloov, jfc 19-21 (1991)). 

In one approach, the three-dimensional structure of the CHEPO polypeptide, or of an CHEPO potypeptide-inhibitor 
complex, is determined by x-ray crystallography, by computer modeling or, most typically, by a combination of the two 
approaches. Both the shape and charges of the CHEPO polypeptide must be ascertained to elucidate the structure and 

15 to determine active sitels) of the molecule. Less often, usef id information reganfing the structure of the CHEPO polypeptide 
may be gained by modeling based on the structure of homologous proteins. In both cases, relevant structural information 
is used to design analogous CHEPO polypeptide-fike molecules or to identify efficient inhibitors. Useful examples of rational 
drug design may include molecules which have improved activity or stability as shown by Braxton and Wells, Biochemistry, 
31:7796-7801 (1992) or which act as inhibitors, agonists, or antagonists of native peptides as shown by Athauda et af„ 

2 0 J.Biochent. U3:742-746 (1993). 

It is also possible to isolate a target-specific antibody, selected by functional assay, as described above, and then 
to solve its crystal structure. This approach, in principle, yields a pharmacore upon which subsequent drug design can be 
based. It is possible to bypass protein crystallography altogether by generating antMdiotypic antftodies (anti-ids) to a 
functional, pharmacologically active antibody. As a mirror image of a mirror image, the binding site of the anti-ids would 

25 be expected to be an analog of the original receptor. The anti-id could then be used to identify and isolate peptides from 
banks of chemically or biologically produced peptides. The isolated peptides would then act as the pharmacore. 

By virtue of the present invention, sufficient amounts of the CHEPO polypeptide may be made avaOable to 
perform such analytical studies as X-ray crystallography. In addition, knowledge of the CHEPO polypeptide amino add 
sequence provided herein will provide guidance to those employing computer modeling techniques in place of or in addition 

30 to x-ray crystallography. 

The foregoing written specification is considered to be sufficient to enable one skflled in the art to practice the 
invention as claimed. Various modifications of the invention in addition to those shown and described herein will become 
apparent to those skilled in the art from the foregoing description and fafl within the scope of the appended claims. 
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WHAT IS CLAIMED 

1. An isolated nudeic acid molecule having at least about 80% nudeic acid sequence identity to (a) a ONA 
molecule encoding a CHEPO polypeptide comprising the sequtHice of amino acid residues from about 1 or about 28 to about 
193 of Figure 2 (SEQ ID N0:2), or (fa) the complement of the DNA molecule of (a). 

5 

2. The isolated nucleic acid molecule of Claim 1 comprising nucleotides 1 or about 82 to about 579 of 
Figure 2 (SEQ ID N0:3L 

3. The isolated nucleic acid molecule of Claim 1 comprising the nucleotide sequence of Figure 2 (SEQ ID 

10 N0:3). 

4. The isolated nucleic acid molecule of Claim 1 comprising a nucleotide sequence that encodes the 
sequence of amino acid residues from about 1 or about 28 to about 193 of Figure 2 (SEQ ID N0:2). 

15 5. An isolated nucleic acid molecule encoding a CHEPO polypeptide comprising DNA that hybridizes to the 

complement of the nucleic acid sequence that encodes amino acids 1 or about 28 to about 1 93 of Figure 2 (SEQ ID N0:2). 

6. The isolated nucleic acid molecule of Claim 5, wherein the nucleic acid that encodes amino acids 1 or 
about 28 to about 193 of Figure 2 (SEQ ID NQ2) comprises nucleotides 1 or about 82 to about 579 of figure 2 (SEQ ID 

20 N0:3L 

7. The isolated nucleic acid molecule of Claim 5, wherein the hybridization occurs under stringent 
hybridization and wash conditions. 

25 8. An isolated nucleic acid molecule comprising (a) DNA encoding a polypeptide scoring at least 80% 

positives when compared to the sequence of amino acid residues of from 1 or about 28 to about 193 of Figure 2 (SEQ ID 
N0:2), or (b) the complement of the DNA of (ah 

9. A vector comprising the nucleic acid molecule of Claim 1. 

30 

10. The vector of Claim 9, wherein said nucleic acid molecule is operably linked to control sequences 
recognized by a host cell transformed with the vector. 

11. A host ceO comprising the vector of Claim 9. 

35 

12. Tha host cell of Claim 11 # wherein said cell is a CHO ceU. 
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13. The host ceil of Claim 1 1, wherein said cell is an £ c a5. 

14. The host cell of Claim 1 1 , wherein said cell is a yeast cell. 

5 15. A process for producing a CHEPO polypeptide comprising cutturing the host cell of Claim 1 1 under 

conditions suitable for expression of said CHEPO polypeptide and recovering said CHEPO polypeptide from the ceil culture. 

16. An isolated CHEPO polypeptide comprising an amino acid sequence comprising et least about 80% 
sequence identity to the sequence of amino acid residues from about 1 or about 28 to about 193 of Rgure 2 (SEQ ID N0:2). 



10 

1 7. The isolated CHEPO polypeptide of Claim 1 6 comprising amino acid residues 1 or about 28 to about 
1 93 of Figure 2 (SEQ ID N0:2). 

18. An isolated CHEPO polypeptide scoring at least 80% positives when compared to the sequence of 
15 amino acid residues from 1 or about 28 to about 193 of Figure 2 (SEQ ID N0:2). 

19. An isolated CHEPO polypeptide comprising the sequence of amino acid residues from 1 or about 28 to 
about 193 of Rgure 2 (SEQ ID N0:2), or a fragment thereof sufficient to provide a binding site for an anthCHEPO antibody. 

20 20. An isolated polypeptide produced by (I) hybridizing a test DNA molecule under stringent corafitions with 

(a) a DNA molecule encoding a CHEPO polypeptide comprising the sequence of amino acid residues from 1 or about 28 to 
about 193 of Figure 2 (SEQ ID N02), or (b) the complement of the DNA molecule of (a), (ii) cuhuring a host ceO comprising 
said test DNA molecule under conditions suitable for the expression of said polypeptide, and (iO) recovering said polypeptide 
from the cell culture. 



25 



30 



21. The isolated polypeptide of Claim 20, wherein said test DNA has at bast about 80% sequence identity 
to (a) or (b). 

21 A chimeric molecule comprising a CHEPO polypeptide fused to a heterologous amino acid sequence. 

21 The chimeric molecule of Claim 22, wherein said heterologous amino acid sequence is an epitope tag 



24. The chimeric molecule of Claim 22, wherein said heterologous amino acid sequence is a Fc region of 

35 ant 
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An antibody which specifically binds to a CHEPO polypeptide. 



26. The antibody of Claim 24, wherein said antibody is a monoclonal antibody. 

27. The antibody of Claim 24, wherein said antfcody is a humanized antibody, 

28. An agonist to a CHEPO polypeptide. 

29. An antagonist to a CHEPO polypeptide. 

30. A composition of matter comprising (a) a CHEPO polypeptide, (b) an agonist to a CHEPO polypeptide, 
(c) an antagonist to a CHEPO polypeptide, or (d) an anti-CHEPO antibody in admixture with a pharmaceutical^ acceptable 
earner. 

31. A method of inducing erythropoiesis in a mammal, said method comprising administering to said 
mammal an effective amount of a CHEPO polypeptide or an agonist thereto, wherein erythropoiesis in said mammal is 
induced. 

32. A method of inhibiting erythropoiesis in a mammal, said method comprising administering to said 
mammal an effective amount of an antagonist to a CHEPO polypeptide, wherein erythropoiesis in said mammal is inhibited. 

31 The method according to Claim 31 , wherein said antagonist is an anti-CHEPO antibody. 

34. A CHEPO polypeptide comprising an amino acid sequence selected from the group consisting of: 
(1) APPRUCDSRVIfRYUiAKEAENriTO 

NSSQPWEPLQLHVDKAVSGUtSLTTLUULGAQ^ 

GDR (SEQID N0:18fc 
12) APPRUCDSRVIIRYllEAKEAENinGCAEHC 

NSSOPWEftOLrWDKAVSG 

GDR(SEQIDN0:19k 
(3) APPRUCDSRVLERYUIAKEAENrTTGCAEHC^ 

NSSQPWEftQUfVDKAVSGLRS^ 

GOR (SEQID NO^Oh 
(4| APPRUCDSRVlfRYUIAKEAENinGCAEHCSlN^ 

NSSOPWEPLQUWDKAVSGLRSLT^ 

GOR (SEQID N(h21fe 
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(5) APraUCDSmOEflYUEAKEAEMnGCAEHCSLNENITVPOTKVNFYAVVKRMNXSXQA^ 
VNSSfJPWEimHVOICAVSIMSimm^ 

TGDR (SEQ ID N0:22fc 

(6) AFTRUCDSRWIRYUIAKEAENinGCAFJICSLNENITVP^^ 

5 VNSSQPWEPLQLHVDKAVSGLRSITTUJM16AKKEAISPPDAASAAP^ 
TeOR(SEQIDWh2% 

(7) APraUCOSRVLERYLIJEAKEAENinGCAEHCSUVENimDmNFYAW 

VNSSQPVVEPLQLHVDKAVSGlJ)SLnUJ)ALGAQKEAISPPOAASAAPU)TTrADTFRKLFRVYSN 
TGDR (SEQ ID N0:24); 

10 (8) APfflUCDSRVLERYUEAKEAENinGCAEHCSLNENITVPDTKVNRAWKRMNXTXOJlVEVWQGUUiSEAVLRGQAU 
VNSSQPWEPLQlJIVOKAVSGlflSLTTllRAlGAKKEAISPPOAASAAPlJUn'^^ 
TGDR (SEQ ID N0:25); 

(9) APPRUCDSRVLEBYllEAKEAENinGCAEHCSUIENITVPDTKVNmV«RMENXSXAVEVWQGULiSEAVIJGQA^ 
VNSSQPWEPUlLHVDKAVSGUmTURAlGAM^ 

15 TGDR (SEO ID NO:26); 

(10) APPRUCOSRVIIRYUiAKEAENriTGCAEHCSUIENrrVPDTKVNFYAWKRMEIWSXAVEVW 
VNSSQPVVEPLQIJWDKAVSGLRSLTTUMLGAKKEAISPP^ 

TGDR (SEQ ID N0:27k 

(11) APF1)UC0SRVlERYUEAKEAENin6CAENCSlNENITVPDTKVN^ 
20 VNSSQPWEPUlLHVDKAVSGlflSLTTUJIALGAOXEAISPPD 

TGDRISEQIDNO^Bt 

(12) APPRUCDSRVLERYUEAKEAENinGCAEHCSLKENrrVPDTKVNFYAWKRMENXTXAVEVWQGLAllSEAVW 
. VNSSQPWPlQIJWDKAVSGlflSLTMRALGAKKEAISPPDAASAAPlRW^ 

tgor (SEQ nmast 

25 (13) APPRUCDSRVLERYIiEAKFJ\ENrTTGCAEHCSU4ENrrVPDTKVNFYAWKRMEVNXSXVEVW 
NSSQPWEPU]U<VDKAVSGLASLTTURA16AQKE^ 
60R(SEQIDNO:30k 

(14) AFfBUCDSRVLERYUEAKEAENinGCAEHCSLNENITVPOTKVNmWKRMEVNXSXVEW^ 
NSSQPWEPlQUWOKAVSGLRSLTTUJMGAKKEAISPPDAASAAPLRTiT^ 

30 GDR (SEQ1DN0:31); 

(15) APPRUCDSRVliflYUfAKEAENinGCAEHCSIJJEfJITVPDTKVNRAWKRMEVNXTXVEVWQ 
NSSOPWEPLOLHYDKAVSGLRSLnURALGAQKEAISPPDAASAAPLRTTTADTFRKLFRVYSNRRGiaJCLYTGEACRT 
6DR (SEQ ID N0:32k and 

(16) APPRUCDSRVLERYlliAKEAENITTGCAEHCSLNENrrVPDTKVNRAWKRMEVNXTXVEVW 
3 5 NSSQPWftOUWDKAVSGUlStTTUJUaGAKKEA^ 

GDR (SEQ ID N0:33), wherein X is any amino add except for proline. 
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35. The CHEPO polypeptide according to Claim 34, which comprises an amino acid sequence selected from 
the group consisting of: 

(1) MGVHECPAWWlU^llSIHGLMGAPPRUCOSRVlERm 
5 SXQQAVtTOQGUlLSEAVlJlGQAUVNSSQPWEPLQUiVDKAVSGm 
TFBKLfRVYSNFlBGKLKLYTGEACRTGDR (SEQ ID N0:34); 
(2} MGVHECPAWLWUISLLSIPLGLPVLGAPPRUCDSRVLERYIIW^ 

SXQQAVEVWQGLALLSEAmQAUVNSSQPWEPLQLHVDKAVSGlR^ 
TFRKLfRVYSNFLRGKlKLYTGEACRTGDR (SEQ ID N0:35); 
10 (3) MGVHECPAWLWULSLLSLPLGLmGAPPRUCDSRV^ 

TCQQAVEVWQGIALLSEAVLRGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTL^ 
TFRKLFRVYSNFLRGKLKLYTGEACRTGDR (SEO ID N0:36); 

(4) MGVHECPAWLWLLLSLLSIJLGLPVlGAPPRUC0SRVLERYLLEAKEAENITT6CAEHCSLNENr^ 
TXQfJAVF^QGULLSEAVLRGQAUVNSSQPWEPLQLHVDKAVSGLRSimLRALGAKKtVUSPPOA^ 

15 TFRKLFRVYSNFLRGKLKLYTGEACRTGDR (SEQ 10 N0:37fc 

(5) MGVrffCPAWLVmSUSLPLGimGAPPRUCDSRVLERY 
XSXMVEVWQGULLSEAVLRGOAUVNSSQPWEPLQLHVDKAVSG^ 
TFRKLFRVYSNFLRGKLKLYTGEACRTGDR (SEQ ID N0:38fc 

(6) MGVHECPAV\n.WUlSLLSLPLGLPVLGAPPRUCDSRVLEflYUiAKEAENITTGCAEH 
20 XSXDAVEVWQGLAlLSEAVWGDAUVNSSQPWEPLQUWDKAVSGmSLTTLLRALM 

TFRKLFRVYSNFLRGKLKLYTGEACRTGDR (SEQ ID N0:39fe 

(7) MGVHECPAmVVULSU^IfWLr'VlGAPPRUCDSRVLEflYLLEAKEAEN 
mOMEVWQGLAIiSEAVLRGQAUVNSSrjPWEPLOlHM^ 
TFRKLFRVYSNFLRGKLKLYTGEACRTGDR SEQ ID N0:40fc 

25 (8) MGVHECPAWlWUlSU£Lft6LPVLGAPPRUCDSRVLFJIY 

mOAVcTWOGUlLSEAVLRGOAUVNSSIlPWEPlCUiWDKAVSGlRSim 
TFRKLFRVYSNFLRGKLKLYTGEACRTGDR (SEQ ID N0:41fc 

(9) MGVHECPAWLWUISLLSLPLGLPVLGAPPRUCDSRVLERYII^ 
NXSXAVEVWQGUUSEAVUIGOALLVNSSOraEPimHVOKAV^ 

30 TFRKLFRVYSNFLRGKLKLYTGEACRTGDR (SEQ ID N0:42); 

(10) M6VHECPAMVnjJJHlSlPL6lM6APP 
IKSmEVWOGULLSEAVlRGOAUVNSSOPVVEPLDlHVDKAVSGlRSLTT^ 
TFRKLFRVYSNFLRGKLKLYTGEACRTGDR (SEQ 10 N0:43); 

(111 MGVHECPAWLWLLLSLlSLPLGLPVLGAPPRUCDSRVLERYilEAICrJVENrrTGCAEHCS 
3 5 NmAVEVWQGULLSEAVLRGOAUVNSSOJ'WEPLOlHVOKAVSGWSimiRALGAO^ 
TFRKLFRVYSNFLRGKLKLYTGEACRTGDR (SEQ ID N0:44|; 
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(121 MGVHECPAWLWUlSLLSUaGLmG^RUCDSRVLER^ 
NXTXAVEVWQGUUISEAVLBGQAUV^SQPWEPU 
TFHKLFRVYSNFIHGKLKLYTGEACRTGOR (SEQ 10 N0:45k 

(13) M6VHECPAW.WUJ£LtflPtGLmGAPPRUC0SR^ 
5 VNXSXVEVWQGLAllSEAVUiGaAUVNSSrjP^ 

TFRKlfRVYSNFLRGKLKLYTGEACRTGDR (SEQ ID N0:48); 

(14) MGVHECPAWLWUlSU£lPLGUWGAPPRLICDSRVlEnTllEAKEAE 
VNXSXVEVWQGUU^EAVLRGQAUVNSSQPVVERQUWDIWVSGLRSLTTUflALGAKKEAISPPD 
TFRKLFRVYSNfLRGKLKLYTGEACRTGDR (SEQ 10 N0:47); 

10 (15) MGVHECPAWLWJiSUSLPLGLPVLGAPPRLICDSRVLERYU^ 

VNXTTCVEVWOGUUSEAVLRGQAUVNSSQPWEPLOLHVDKAVSGLRSLmLR 
TFRKLFRVYSMFlflGKLKLYTGEACRTGOR (SEQ ID N0:48); ami 
(16) MGVHECPAWLWUU5UJ>LPLGlMGAFTflUCDSR\fl^ 

VNXTXVEVWQGUIlSEAVLRGOAIlVNSSQPWEPLQLHVOKAVSGlflSLnLUlALGAKKEAISPPDAASA^ 

15 TFRKIFRVYSNFLRGKLKLYTGEACRTGOR (SEQ 10 N0:49), wherein X is any ammo acid except for proline. 

36. A chimeric molecule comprising a CHEPO polypeptide of Claim 34 or 35 fused to a heterologous 



20 37. The chimeric molecule of Claim 36, wherein said heterologous amino acid sequence is an epitope tag 

38. The chimeric molecule of Claim 36, wherein said heterologous ammo acid sequence is a Fc region of 
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FIGURE 3 



human MGVHECP AWLWLLLSLLSLPLGLP VLGAP PRL I CDSRVLERYLLEAKEAE 

************************************************** 

chepo MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLI CDSRVLERYLLEAKEAE 

human NITTGCAEHCSLNENIWPDTKWFYAWKRMEVGQQAVEVWQGLALLSEA 
********************************* **************** 

chepo NITTGCAEHCSLNENIWPDTKVNFYAWKRMEWQQAVEVWQGLAL 



human VLRGQALLWSSQPWEPLQLHVDKAVSGLRSLTTLLRALGAQKEAISPPD 
***************************************** ******** 

chepo VLRGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLLRAIX3AXKEAI 



human AASAAPLRTITADTFRKLFRVYSNFLRGKLKLYTGEACRTGDR 
******************************************* 
chepo AAS AAPLRT I TADTFRKLFRVYSNFLRGKLKLYTGEACRTGDR 
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Remark (2): Present claims 28-32 relate to an extremely large number of 
possible CHEPO agonists and antagonists. Support within the meaning of 
Article 6 PCT and/or disclosure within the meaning of Article 5 PCT is to 
be found, however, for only a very small proportion of the antagonists 
claimed. In the present case, the claims so lack support, and the 
application so lacks disclosure, that a meaningful search over the whole 
of the claimed scope Is impossible. Consequently, the search has been 
carried out for those parts of the claims which appear to be supported 
and disclosed, namely those parts relating to anti-CHEPO antibodies, as 
claimed 1n claims 30 and 33. Claim 28, and those parts of claims 30 and 
31 where reference Is made to agonists to a CHEPO polypeptide, have not 
been searched. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
International preliminary examination (Rule 66.1(e) PCT). The applicant 
1s advised that the EP0 policy when acting as an International 
Preliminary Examining Authority Is normally not to carry out a 
preliminary examination on matter which has not been searched. This Is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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